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QUESTION VI: 


All-metal rolling stock : carriages and wagons. Use of 
light metals and alloys. Use of autogenous welding. 


REPORT No. 3. 
(Germany, Bulgaria, Denmark, Finland, Norway; Netherlands and Colonies; 
Rumania, Sweden, Czechoslovakia and Turkey), 
by E.DAHNICK, 


Dezernent fiir Personenwagenbau im Reichsbahn-Zentralamt fiir Maschinenbau, Berlin. 


The following report deals with the 
present position in regard to the con- 
struction of all-metal carriages and wa- 


gons in Germany, Bulgaria, Denmark, - 


Finland, Norway, Holland and the Dutch 
Colonies, Rumania, Sweden, Czechoslo- 


_vakia and Turkey. An all-metal vehicle 


is defined to be one in which the under- 
frame, the body framing, and the ex- 
terior panelling are constructed of me- 


etal. 


The report has been arranged in ac- 
cordance with the questionnaire drawn 
up in collaboration with Messrs. GRESLEY 
and Mariani, the Reporters on the same 
subject for other countries. This ques- 


tionnaire was sent to a total of 41 Rail- 
-way Administrations in the Countries 


eee XI—4 


named above, with a request for the ful- 
lest possible information. 


A, — CARRIAGES. 


I. — General considerations : The ad- 
vantages of carriages entirely con- 
structed of metal. 


At the eleventh session of the Inter- 
national Railway Congress Association 
held in Madrid in May, 1930, consider- 
ation of Question VIII relating to all- 
metal carriages had already led to the 
following points being established, 
amongst others. The construction of 
all-metal carriages was sufficiently jus- 
tified by the demand for increased 
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safety of the travelling public; there 
was very little difference between the 
weight of such coaches and those of the 
older wood construction; a metal con- 
struction lent itself in every way to the 
manufacture of the corresponding parts 
in large quantities; and metal coaches 
could provide a standard of passenger 
comfort at least equal to that afforded 
by vehicles of wooden construction. 

In view of the relatively short tune 
that such vehicles had been in oper- 
ation, it was not then possible to arrive 
at any definite conclusions as to whether 
they would be economical from a main- 
tenance standpoint, but the results so far 
obtained were such as to encourage fur- 
ther study’ of this point. There were 
still a number of investigations to be 
made, not only as regards the choice of 
manufacturing processes and of mate- 
rials, but also in respect of the details of 
the interior equipment. 

Having regard to the experiments car- 
ried out by several railways for reducing 
weight by the use of more or less special 
steels of greater strength and of light 
alloys, the Congress recommended that 
further study of the employment of such 
metals should be made. 

Out of the 41 Railways, 10 have respond- 
ed to the questionnaire by forwarding 
further information for the preparation 
of the report; 15 replied that they had 
no steel coaches, while the remaining 16 
had not sent any information up to the 
time the report was drafted. 

The following statements, based on 
the information submitted, indicate the 
present position on the various Railways 
of the Countries in question. 


Germany. 


The German State Railways, in accord- 
ance with the principle decided upon a 
considerable time ago, have continued 
to extend the use of all-metall construc- 
tion in the building of new passenger 
coaches... Their experience with some 


10 000 steel carriages that had been con- 
structed by the beginning of 1930, and 
with the additional all-metal vehicles 
that had been built since that time, has 
been so favourable that a reversion to 
building passenger coaches of wood 
construction could only be considered as 
a retrograde step. Adherence to the po- 
licy which they adopted has enabled 
them to make progress of a particularly 
important character in recent times, 
since by the use of autogenous welding 
and careful adaptation of the details of 
design they have been able to effect con- 
siderable reduction in weight without em- 
ploying expensive light metals, and light 
alloys. Using steel alone the weight of 
a D (express) train coach has been re- 
duced from about 47.0 t. to 37.5 t. (46.3 
to 36.9 Engl. tons), equivalent to appro- 
ximately 20 %. This has been achieved 
without alterations to the manner in 
which the space is divided, or to the 
dimensions which affect the comfort of 
passengers. Moreover, the rigidity and 
strength of the coaches to resist collision 
have not been diminished. 

In another type of welded coach the 
artificial wood « Histoxyl » referred to 
in my report to the Madrid Congress has 
been used to effect a further reduction in 
weight down to 36.5 t. (35.9 Engl. tons), 


which represents a total saving of 22.3 %.. 


In 3rd class corridor express coaches of 
these types having separate compart- 
ments and accommodating 80 passengers, 
the weight per seat has fallen from 587 
to 469 and 456 kgr. (1 294 to 1034 and 
1005 Ib.). 

In the case of trailers for motor coach 
trains which do not have to withstand 
the longitudinal stresses present in long 
trains, it has been possible by the use 


of welding, and employing high-quality — 
steel, together with a specially light de- _ 


sign of the details and of the wooden in- 
terior structure, to produce a vehicle 


‘weighing only 18 t. (17.7 Engl. tons), 


including the two bogies; this carriage 


is about 19 m. (62 ft. 4 in.) long and as 


~~. 


= 


wi cig a ag ae 
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it seats 90 passengers, the weight per 
passenger is only 200 kgr. (440 Ib.). 
Tests carried out with a loading of 7.5 t. 
(7.4 Engl. tons), and at speeds up to 
more than 130 km. (81 miles) per hour 
have shown that the running qualities 
are entirely satisfactory. 

An equally low weight per seat has 
been obtained in 4-wheeled trailer cars 
of similar design. 

The figures quoted above prove that 
it is possible to go beyond the conclu- 
sion arrived at in Madrid that the weight 
of a carriage of all-metal construction 
would not exceed that of one made of 
wood, since they show that a consider- 
able reduction in weight can be effected 
in steel carriages of railway type embo- 
dying the standard of comfort usual in 
railway passenger stock; moreover, 
groups of these vehicles are to be con- 
structed and put into normal service. It 
is unnecessary to enlarge here upon the 
advantages which these vehicles must 
offer for more economical and rapid 
operating, and when subjected to the 
hardest service in deliberate competition 
with road vehicles. 


Finland. 


The Finnish State Railways report that 
they are not contemplating the construc- 
tion of all-metal vehicles. The manage- 
ment consider that the cost of this type 
of construction is considerably higher 
than that of vehicles built of wood. With 
the exception of the mouldings, window 
frames, and fittings of the doors and 
seats, the whole of the body is made 
from home-grown timber. The manage- 
ment is of the opinion that the weight 
and probably the consumption of steam 
for heating purposes would be greater 
than for vehicles constructed of wood. 


Norway. 


The Norwegian State Railways also 
have not yet built any passenger coaches 


of the all-metal type, but they are con- 
sidering the building at some future time 
of all-metal carriages for international 
traffic. More detailed reasons for this 
partial adoption of metal construction 
were not given. 


Holland and her Colonies. 


The Netherlands Railways propose to 
adopt all-metall construction for all new 
carriages for the home country. The 
reasons given for this are firstly that 
the reduced risk of accidents is in the 
interest of passengers, and secondly the 
advantage to the railways of the dimi- 
nished cost of maintenance. 

The Dutch Indies State Railways and 
Tramways do not at present contem- 
plate adopting all-metal construction for 
all the carriages operating on the subur- 
ban lines. The introduction of such ve- 
hicles depends upon the experience ob- 
tained with the all-metal vehicles that 
have already been ordered in Holland 
for service on the Company’s main lines. 
The carriages are cheaper than any other 
type, although this may be due to the 
general economic conditions that now 
prevail. 

All-metal carriages have been running 
for about ten years on one urban express 
line and have proved thoroughly satis- 
factory. As these carriages are equipped 
with powerful fans, and are operated at 
high speeds, the difficulty of a high tem- 
perature — which is the main objection 
to the use of metal vehicles in the tro- 
pics — has been hardly noticeable. 


Rumania. 


The Rumanian Railways intend to 
adopt all-metal construction for all new 
carriages. The reasons given are greater 
safety for passengers and the higher de- 
gree of resistance to wear and tear. Metal 
construction is more suitable than wood 
construction in a climate subject to the 
considerable temperature variations 
which occur in this country. 
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Sweden. 


The Sjvedish State Railways intend to 
use metal construction only for bogie 
carriages, and wood will still be used for 
the floors and inside panelling. It is 
their opinion that the metal form of con- 
struction increases the strength of the 
vehicles and thus adds to the safety of 
passengers. F 

The Uppsala-Norrland Railway . asso- 
ciates itself with the views expressed by 
the Swedish State Railways. 

The Kalmar-Nya Railway has just ac- 
quired an all-metal vehicle, and has not 
yet been able to obtain any real expe- 
rience with it. 


II. — Progress in all-metal construc- 
tion in relation to new series of 
vehicles and the increase in num- 
ber of vehicles. 


The following information has been 
reported by the 6 countries which have 
adopted all-metal construction for pas- 
senger vehicles. 


Germany. 


The total number of coaches and lug- 
gage vans for passenger trains and rail 
motor vehicles is:approximately 76 000; 
the growth in the number of all-metal 
vehicles is shown by the following table. 


Express-train stock : 


Number at Number at Increase. 
1 Jan. 1930. 1 Jan. 1932. 

AL dcth tet ayety ana 34 34 -— 
ARTA tints mass 300 368 68 
ABC Av thects scx % 70 120 50 
Bo e4tth Wee eaten Juss £8 38 — 
BR Ait Buse t yy 481 517 36 
Pipe Again! if = tees, 207 430 223 
Pw! Post.4:di) ..+ ) 520 20 _ 
Total 0 L150e oA ed]7, 377 


Fast train and or- 
dinary passenger 
train stock : 


BRAG ot ane ee 4 289 225 
BEAK pert: 24 381 357 
GUAT St ce ee ee 41 1 236 1195 
Boe 1 697 1702 5 
BOY 974 979 aS 
Cris ar 2 883 2 888 5 
PB ee pace ays aes 10 10 ~- 
BG iets o> eee 40 10 — 
J Bs Tijoats Gt Riot iat os as — 102 102 
Paine: ca. 3 cee Oe ee 928 184 
Totales COLD 9 708 2138 
Rail motor vehi- 
cles and _ trailer 
coaches : 
e a T (Double 
carriages). . . 18 18 -~- 
BT sn el cena DA 57 1 
el T (52 Jakob 
carriages). . . 86 104 18 
el (trailers) . . 18 33 alts’ 
e s (trailers) . 682 769 87 
CsSelae 676 744 68 
Totals d Doo 1725 189 


Together: 10256 12960 2704 
It will be seen that the number of all- 
metal carriages added amounts to some 
26 % of the number of such vehicles in 
service at the 1 January, 1930, while 


the proportion of such vehicles in rela- 


‘tion to the total quantity of rolling stock 


has increased from about 13 % to 17 %. 

The fact that there was no increase, 
or a comparatively small one in the num- 
ber of 4-wheeled vehicles of the Bi, BCi, 
ci, B, BC and Pwi classes is accounted 
for by the German State Railways hav- 
ing adopted bogie vehicles even for or- 
dinary passenger trains. 4-wheeled car- 
riages will be built in future only for ser- 
vice on routes where low speeds are the 
rule and the traffic conditions are of a 
simple character. 
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The additional vehicles that were un- 
der construction at the 1 January 1932, 
were as follows : 


PMO CET pds Bile 20 vehicles. 
Gender eee te eens LO » 
FAV EC RCV Set oes Os ame 5 » 
Cede ee ee aa Oe » 
Pind eae eee ye ee 0S » 
Pies oe ee ee lO » 
Ge ae on Rn ee Od » 
Ais eee eer ee LO » 
Cple(irallers) eee ee Le » 
Cesta te ee OL: » 
eusstvallers) =.= cast t.meo ee) eo L > 


Total . 497 vehicles. 

New types of vehicles constructed en- 
tirely of metal, which have been deve- 
loped and in some cases completed since 
the preparation of the report for the 
Madrid Session are : 


1. New types of all-steel carriages for 
through express trains, fast trains and 
ordinary passenger trains operating on 
main lines. In these welding has been 
used for joining the separate members 
of the under frames, body framing and 
bogies. 


2. New types of carriages for ordinary. 


passenger trains on branch lines of stan- 
dard and narrow gauge, in which a simi- 
lar method of construction has to some 
extent been used. 


3. Light rail motor coaches and trai- 
lers for main and branch lines, built of 
steel. : 


4, New light vehicles for the Berlin 
Metropolitan Railway in which light 
metal and light alloys are used. 


In common with all the new vehicles 
of the German State Railways built dur- 
ing recent years, the four types specified 
above are of the corridor type. More- 
over, as hitherto, the body framing and 
underframes of all these vehicles are 


built integrally so that the former con- 
tributes to resisting the tractive, bend- 
ing and impact stresses. 


Under (1) above: New types of steel 
carriages for through express trains, 
fast trains, and ordinary passenger 
trains. 


Since the Madrid Session the German 
State Railways have continued the de- 
velopment of the steel vehicles that it 
then had in service. 

Whilst riveting continues to be used 
for the new steel vehicles now under 
construction, 7 carriages for through ex- 
press trains, and six 8-wheeled carriages 
for ordinary express trains, have been 
put in hand as an experiment in which 
the fullest possible use is to be made 
of the latest methods of uniting the steel 
parts by welding and of utilising high- 
grade steel. The riveted vehicles ena- 
bled noteworthy reductions in weight 
to be made per passenger, per unit of 
floor surface, and per unit of overall 
length, as compared with the older car- 
riages of wood construction, but with 
the experimental carriages it is the ain 
to achieve further considerable reduc- 
tion of weight for carriages of the same 
dimensions and strength. Success in 
this direction is not unlikely in view 
of the satisfactory results already ob- 
tained with welded bogies, which are 
the parts that are subjected to the great- 
est strains in service. 

In order that the adoption of welding 
may be standardised on sound lines as 
quickly as possible, the particular me- 
thod of construction of any individual 
firm of rolling stock manufacturers is 
being used for only a few of the 13 ex- 
perimental carriages, and the orders for 
the vehicles have been distributed 
amongst 6 makers with the express in- 
struction that each contractor shall 
carry out the welding in accordance 
with his own ideas. 


The weights of the individual parts 
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of one of the new riveted express carriages of all-metal construction, having 
a total length of 21.720 mm. (71 ft. 3 in.) over the buffers are tabulated below : 


Underframe, including brake equipment but without 


brake cylinder : : 
Cylinder for quick-acting ‘peices : 


5 800 kgr. ( 12790 lb.) 
700 kgr. ( 1540 lb.) 


Body frame and external panelling but without eis 


work . 


Inside practice inchading floors: pabbitions: 
doors, ceiling, windows, seats, lavatory eo etc... 


Draw and buffing gear 


Bogies without wheels, but facies inke: gear . 


Wheels and axles . 
Steam heating : 
Lighting equipment with battery : 


These figures show that the parts in 
which economy in weight can be main- 
ly obtained by welding, especially the 
underframe and body, amount to only 
12.9 t. or 27.5 % of the total weight. 


Even though the most careful atten- 
tion is given to reducing the weights of 
these parts, the total weight of the car- 
riage would only be reduced by an un- 
appreciable amount unless considerable 
reductions can also be effected in the 
other parts of the vehicle. 

Therefore, when ordering the 13 weld- 
ed bogie carriages, the various contrac- 
tors were instructed to redesign the 
other portions of the carriages carefully 
with the object of reducing their weights 
by the greatest possible amount. 


This should result in some of the ve- 
hicles having a lighter form of interior, 
for which a wooden type of construc- 
tion is, in general, being retained. Here 
again, the builders are permitted to 
make proposals in order that the most 
practical design may be arrived at as 
speedily as possible for subsequent adop- 
tion as the standard method of construc- 
tion. 

In order that a reliable comparison 
may be made of the economies in weight 
effected by welding and by the special 
designs of the interior work, the prin- 


: ; 7100 kgr. ( 15 650 lb.) 
Wevtor 

13 490 kgr. ( 29 740 lb.) 
1390 kgr. ( 3065 lb.) 

11000 kgr. ( 24250 Ib.) 
4600 kgr. ( 10140 lb.) 
1130kgr. ( 2490 lb.) 
1250 ker. ( 2760 1b.) 


Total : 47 000 kgr. (103 000 lb.) approx. 


ciple has been laid down that no varia- 
tions may be made in the length, height 
or width of the carriages or the arran- 
gement of the partitions. It was also 
stipulated that whatever reduction in 
weight might be made, the strength to 
resist impact must be at least as great 
as that of the earlier riveted design, and 
that the interior must be constructed 
and finished in a manner as pleasing 
and comfortable for passengers as is 
found in the newest vehicles that had 
previously been built. 

The use of aluminium or aluminium 
alloys in these carriages has been ruled 
out so that the first cost and mainten- 
ance charges may not be higher than 
those for earlier vehicles. 

Light forms of construction that will 
be allowed for other parts of the car- 
riages are: 


The window frames will be built up 
of drawn hollow brass sections as pre- 
viously used for other passenger coaches 
of standard construction. In place of the 
ordinary cast-iron brackets for support- 
ing the luggage racks, that have been 
fitted up to the present, much lighter 
brackets of special cast metal will be 
used, The earlier cast window-brackets 
for the collapsible tables will be repla- 


ced by brackets of pressed sheet metal 
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having stiffening ribs welded on to them. 
These refinements will result in a total 
saving of about 250 kgr. (550 Ib.). 


Whereas the steam heating in the ear- 
lier carriages constructed of wood, and 
also in the later riveted all-metal carri- 
ages, was carried out with pipes having a 
3.5-mm. (0.138 inch) thickness of wall, in 
the welded carriages the material of the 
pipes will be only 1.5 mm. (0.059 inch) 
thick. The steel used for the pipes con- 
tains 0.5 % of copper to render them 
sufficiently resistant to rusting. The 
total weight of the heating equipment 
will be still further lowered by a lighter 
design of the steam regulating valve, 2nd 
other parts, which will save about 550 
ker. (1 210 lb.) or nearly half. the weight 
of the older design. 

Additional saving of weight, amount- 
ing to 300 kgr. (660 Ib.) will be obtain- 
ed by the use of a lighting battery of the 
alkali type. 

Efforts with also be made to effect a 
further saving in weight in the case of 
some of the welded carriages by the in- 
corporation of a new type of brake geer. 
Carriages are being built with subdivid- 
ed brakes, that is to say, the existing 
type of brake gear is used, but it has 
been moved from the underframe on to 
the bogies. Although the use of several 
brake cylinders does not in itself reduce 
the weight of the brake equipment very 
much, nevertheless the removal of brake 
details from the body framing and the 
consequent relieving of the underfram- 
ing from the considerable braking stress- 
es, permits a lighter construction of the 
body framing with a corresponding sav- 
ing of weight. Other of the vehicles are 
being fitted with drum brakes, and with 
caliper-type brakes. If these brakes prove 
satisfactory when the tests are made ond 
can be operated successfully with the 
present standard brake system, there is 
a possibility that economies can he ef- 
fected in the weight of the brakes which 
will be in the neighbourhood of 50 % of 


the weight that is now usual for this 
equipment. 

Three of the D (express train) car- 
riages out of the thirteen that have been 
ordered have already been completed 
and subjected to trial runs. With the 
object of checking the calculated weight 
reductions in the individual wood and 
steel parts, the following programme was 
worked to by Messrs. Wegmann, of 
Cassel, who were responsible for con- 
structing the three vehicles : 

a) The first carriage was welded and 
the steel parts were specially designed to 
suit this process, but the interior work 
which was of wood construction was 
carried out in precisely the same manner 
as in the riveted steel D-train carriages; 

b) The second carriage had an enti- 
rely new design of interior constructed 
of the artificial wood « Histoxyl », whilst 
all the steel portions were built in ac- 
cordance with the present practice for 
the riveted D-train carriages; 

c) In the third carriage the artificial 
wood interior as used for carriage b) 
and the welded steel construction as 
used for carriage a) were combined. 
There were thus available all the com- 
binations necessary to ascertain the sav- 
ings in weight due to the particular 
method of construction used for the 
wood and the steel portions respectively. 

The « Kunze-Knorr » brake system for 
high-speed trains, as used by the State 
Railways on their D-train carriages, was 
fitted to the three carriages in question 
without any modification, and apart 
from a certain reduction in the weight 
of the brake rods no special lightening 
of the brake equipment was effected. 

The weight reductions that had been 
calculated were checked by weighing. 
As against a figure of 47 t. (46.3 Engl. 
tons) for a standard carriage of riveted 
all-metal construction, the carriage a) 
above weighed only 40.1 t. (39° Engl. 
tons), so that a saving has been effected 
in the steel parts which amounts to 6.9 t. 
(6.8 Engl. tons) or approximately 15 %. 
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Carriage b) above weighs 43.8 t. (43.1 
Engl. tons), This shows that 3.2 tons 
have been saved in respect of the wood 
portions and the iron fittings of the 
carriage, or 6.7 %. 

Carriage c) above in which reductions 
in weight were made in both directions, 


Fig. 1 — Welded all-steel D (express’ 


of express and 8-wheeled carriages when 
the total weight is more than 40 t. (39.4 
Engl. tons), and the light Gérlitz II 
bogie with a wheel base of 3000 mm. 
(9 ft. 10 1/8 in.) for carriages weighing 
less than 40 tons, Both types have given 
equally satisfactory results even on fast 
runs at the highest speeds yet reached 
[153 km. (95 miles)]. When the three 
experimental carriages were ordered, it 
was decided to specify welded bogies of 
the heavy pattern, since the details of 
the welded construction had yet to be 
worked out and the eventual saving in 
weight was not then known. Now that 
reliable data concerning the reduction 
in weight is available new welded bogies 
of the «light III > type are being ordered 
for both the light carriages under a) and 
c) above. In spite of the fact that these 
bogies are designed to withstand the 
higher stresses imposed by the Kunze- 
Knorr brakes, their use results in a fur- 
ther reduction of weight amounting to 


weighed 39.1 t. (38.5 Engl. tons), giving 
a saving of 7.9 t. (7.8 Engl. tons) or ap- 
proximately 17 %. 

The German State Railways are now 
using the so-called heavy Gérlitz III type 
of bogie with a wheel base of 3600 mm. 
(11 ft. 9 3/4 in.) for the new light type 


train carriage, Wegmann & Co., Cassel. 


about 2.6 t. (2.56 Engl. tons) per vehicle, 
and the a) carriages will therefore weigh 
approximately 37.5 t. (36.9 Engl. tons) 
and the c) carriages 36.5 t. (35.9 Engl. 
tons). Compared with the earlier riveted 
carriages this shows a reduction of 9.5 t. 
(9.35 Engl. tons) = 20 % approx., and 
10.5 t. (10.3 Engl. tons) = 22 % approx. 
These new weights indicate therefore 
that the welded D-train carriages with 
their enclosed compartments and con- 
tinuous corridor partitions can be built 
to be as light as the existing riveted type 
of 4-axle light passenger carriages with- 
out any alteration to the brake system. 

If the two other builders, each of 
whom has in hand 2 D-train carriages of 
welded type, are successful in designing 
the same wood and steel parts so that 
similar weights are arrived at, it follows 
that the D-train carriage they are build- 
ing with the new and much lighter de- 
sign of brake equipment will show a 
still greater saving of weight. These car- 
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riages will be completed during the au- 
tumn of 1932. 

Figure 1 is an exterior view of a fin- 
ished D-train carriage of welded con- 
struction. There is scarcely any differ- 
ence between this vehicle and one of 
the existing riveted carriages for the rea- 
son that, as stated earlier, the same floor- 
plan has been adopted with 80 third- 
class seats as before, and no alteration 
has been made to the dimensions of the 
carriage or the separate compartments. 

In the same way each of three further 


manufacturers has been commissioned 
to build two 8-wheeled light carriages 
for express and ordinary passenger serv- 
ice. Here again the aim is to obtain the 
greatest possible reduction in weight of 
the steel parts by employing welding, 
and of the parts constructed of wood by 
introducting new designs. In addition 
some of the vehicles will also have new 
brake equipment of lighter type. It will 
not be possible however to obtain reduc- 
tions in weight of the same extent as in 
the case of the D-train carriages; this is 


Fig. 2. — Large vestibule connection between carriages. 


due, in the first place, to riveted carri- 
ages having already been developed in 
recent years which incorporated high- 
quality material in the underframe and 
which had been very carefully designed 
with a view to lightness, and secondly 
on account of these carriages having 
already been fitted with the light type 
of Goérlitz ILI bogie. Notwithstanding 
these circumstances very considerable 
savings in weight are still anticipated, 
due mainly to the use of welding. These 
carriages will be completed and tested 
in the autumn of 1932. 

The efforts to reduce in the most thor- 


ough manner the weight of the indivi- 
dual coach and therefore of the train are” 
directed towards economy in operating 
expenses, or attaining higher speeds with 
the same locomotive output both on the 
level and on up grades. In addition to 
the steps taken to diminish running re- 
sistance, other measures are being adopt- 


ed for the purpose of reducing wind re- 


sistance at the higher speeds. In carri- 
ages of welded construction, for exam- 
ple, the windows are brought as near the 
outside surface of the vehicle as possible 
to reduce the depth of the recesses which 
are particularly liable to be caught by a 
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Fig. 3. — Light 8-wheeled luggage van for stopping passenger trains. 


side wind. A still greater cause of re- 
sistance to side winds when running at 
high speeds is the space between adja- 
cent carriages. To determine the amount 
of the resistance due to this cause, the 
8-wheeled light corridor coaches were 
equipped, for test runs at particularly 
high speeds, with special bellows con- 
nection pieces which enclosed the entire 
end of the vehicle (fig. 2) and made the 
sides of the train as unbroken as pos- 
sible. 

As the necessity for strict economy 
only permitted these tests to be carried 
out with existing carriages, it was not 
possible to modify the shape of the car- 
riages to the most favourable lines on 
account of the convex shaping of the 
ends. 

For the test runs with these carriages 
the ventilators in the roof were removed. 
Even though these inexpensive modifi- 
cations are certainly not to be taken as 
indicating a final design which will give 
minimum air resistance, the results in 
conjunction with tests carried out with 
models in a wind duct should give prac- 
tical guidance of a valuable kind as to 
how far the wind resistance can be di- 
minished if similar modifications are 
eventually embodied in a design of carri- 
age that is perfectly streamlined. Speeds 
of up to 153 km. (95 miles) per hour 
have already been attained with carri- 
ages that have simply been adapted in 
this way for research purposes. Through- 


built in streamline fashion. 


out these tests the carriages ran smooth- 
ly and therefore can be said to have 
afforded proof of the reliability of bogie 
passenger stock at very high speeds both 
in respect of their good running qualities 
and also of that standard of safety which 
is so essential for passenger traffic. 


Suitable eight-wheeled luggage vans of 
tiveted all-steel construction and light 
design, have also been built for use with 
the class of light eight-wheeled passenger 
coaches for express and ordinary sery- 
ice (fig. 3). In these carriages the roof 
of the guard’s cabin is shaped at the side 
in such a way as to permit observation 
even from the locomotive, of the train- 
end lamps that are carried above the 
roof on the carriages of the State Rail- 
ways. 

In a further luggage van of the same 
class that is under construction the 
guard’s cabin superstructure is being 


Under (2) above: new types of car- 


riages for ordinary passenger trains 
on branch lines, 


As previously mentioned, the German 
State Railways have decided to adopt 
bogie carriages even for ordinary pas- 
senger trains, and to allow four-wheeled 
Stock to be built only for routes operat- 
ed at low speeds on which the traffic 
conditions are of a simple character. 
As the sharp curves met with on branch 
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lines necessitate the use of carriages hav- 
ing a moderate distance between axles, 
they have given up the former design 
with four wheels and 8.50-m. (27 ft.- 
10 5/8 in.) wheel base, which had al- 
ready been constructed in all-metal 
fashion for main line working, and 
have built somewhat shorter 4-wheeled 
carriages with nearly the same seating 
capacity (56 instead of 58) but with a 
wheel base of only 6.20 m. (20 ft. 4 in.). 
The increased overhang of the carriages 
is unimportant, since in any case they 
do not run at speeds of more than 65 
to 70 km. (40.4 to 43.5 miles) per hour. 


Riveted construction has still been re- 
tained for the first of these new car- 
riages (fig. 4). This design has resulted 
in the reduced weight of 16.5 t. (16.2 
Engl. tons) compared with 21.00 t. 
(20.7 Engl. tons) for the main line car- 
Giages ,of 98.50) m. (27 ite 10s oAseans) 
wheel base, that is to say a saving of 
some 21 % for a seating capacity of 56 
(instead of 58). Any additional saving 
in weight is particularly desirable be- 
cause in Germany many of the branch 
lines are situated in hilly country. In 
view of this and of the satisfactory ex- 
pevience -obtained meanwhile with the 


Fig. 4. — Light 4-wheeled carriage for passenger trains on branch lines. 


first welded D-train carriages, the firm 
engaged in the development of the 
latter was entrusted with a contract for 
building additional experimental car- 
riages with the same floor plan and seat- 
ing capacity but in welded instead of 
riveted type of construction. The me- 
thod of construction is being adapted 
from that employed for the welded 
8-wheeled carriages. It is anticipated 
that these vehicles will show a further 
saving in weight as compared with the 
first riveted design and even that the 
weight will be kept below 15.0 t. (14.76 
Engl. tons). This would mean a reduc- 
tion of about 6.0 t. (5.9 Engl. tons) or 
29 % in comparison with the main-line 
carriages. 


eltiet/22im.)S (figs 3): 


Special luggage vans constructed on 
the same lines have also been ordered 
for this class of carriages. 

In addition to these carriages for 
standard gauge an 8-wheeled vehicle of 
all-metal construction has been design- 
ed for a gauge of 900-mm. (2 ft. 
It embodies the 
same type of riveted construction that 
has been used hitherto for standard- 
gauge all-metal carriages. 

In this case also, the requirement of 
low first cost has prevented the use of 
aluminium or alloys of that metal. The 
weight of the carriage is 11.9 t. (11.8 
Engl. tons) and it has accommodation 
for 30 second class passengers. 


Specially light all-metal standard- 
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Fig. 5. — Carriage for 900-mm. (2 ft. 11 1/2 in.) gauge branch line. 


gauge carriages were then built, both 
with and without a luggage compart- 
ment, for use as trailers in conjunction 
with the heavy motor-coach vehicies 
that had been built earlier, and in which 
riveting and welding were both used. 
These vehicles are intended to run also 
with goods wagons and ordinary pas- 
senger train stock and therefore have 
a rigid underframe to resist impact 
stresses; their weight with seating for 
48 third-class passengers amounts to 
about 13.0 t. (12.8 Engl. tons). Silumin 
has been used for the furniture of these 
carriages such as the brackets for the 
luggage racks, and door handles, and 
also for the ventilators in the roof 
(fig. 6). 


Under (3) above : Light rail motor 
coaches and trailers for main and 
branch lines. 


The continuous deterioration in the 
economic position and the steady falling 
off of passenger traffic that has proceed- 
ed during the last few years, as well as 
the growing competition from road and 
air transport have compelled the rail- 
ways to give greater attention to the 
building of rail motor vehicles for pas- 
senger service. Consideration had to be 
given to the best means of working the 


lines more economically, especially 
those on which there was very little 
traffic, by devising light and cheap ve- 
hicles with low fuel consumption; and 
as to how improved frequency and ra- 
pidity of the services could be made to 
retrieve passenger traffic that had been 
transferred to motor buses and other ye- 
hicles, or at any rate check further loss 
of traffic. 


Such results can only be achieved by 
using small units such as are easily ren- 
dered available by rail motor coaches. 
Locomotives with their considerably 
greater hauling capacity are not at all 
suitable for attaining the objects in view. 

As a first step it was decided to run 
trains with the maximum frequency on 


.a shuttle service between Francfort-on- 


Mein and Wiesbaden and three 8-wheel- 
ed rail motor coaches and three trailers 
were ordered in the Spring of i930. 
The requirement that a trailer had to be 
hauled at a speed of 90 km. (56 miles) 
per hour, necessitated a motor of some- 
what considerable power. At that time 
suitable high-speed Diesel engines were 
not yet available, but proposals were 
submitted by the Maybach Company for 
a 12-cylinder traction-type Diesel engine 
of 410 H.P. Considerable time was re- 
quired for the construction and_ testing 
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of this unit, and it has only been pos- 
sible to test the first of the vehicles quite 
recently (fig. 7). 

The trailer coaches were taken from 
a delivery of new 8-wheeled express 
vehicles, and to eliminate the loss of 


== 2 Fig. 7. 


tor coaches accommodate 56 third-class 
and 16 second-class passengers, and 
weigh 50 t. (49.2 Engl. tons), the trail- 
ers seat 84 third-class passengers and 
weigh 38 t. (37.4 Engl. tons). Accord- 
ing to present-day views these weights 
are too high. Rail motor coaches of 
‘limited power not only now have to 
‘run on lines with gradients and be ca- 
pable of starting and stopping quickly 
in order to give the necessary increase 
in speed, but must at the same time have 


sufficient reserve power to permit the. 


time due to the driver changing ends, 
they were provided with a driving com- 
partment. The motor coaches and trail- 
ers are constructed in accordance with 
the specification in force at that time 
for riveted all-metal vehicles. The mo- 


— 410-H.P. rail motor coach. 


attachment of a trailer when the traffic 
conditions require it. For these reasons 
it is imperative that the weight of these 
vehicles should be reduced to the mi- 
nimum. The use of petrol motors is not 
favoured on account of the considerable 
fire risk. Great progress has now been 


made in the development of Diesel en- 


gines suitable for rail. motor coaches 
and this has enabled an advance to be 
made in designing such vehicles with 
satisfactory operating characteristics. 
It is, however, still difficult to effect a 
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reduction in weight of the power equip- 
ment and any saving in this direction 
has to be sought mainly in the lighten- 
ing of the carriage structure. 

In considering the best means of de- 
veloping a light form of construction 
attention is naturally directed to redu- 
cing the weight of the structure by the 
use of light metal or light alloys. It is 
not possible, however, merely to sub- 
stitute such materials in existing de- 
signs based on the use of steel, as this 
course would not produce the lightest 
vehicle that would be strong enough for 
railway service. The light metals have 
characteristics which necessitate spe- 
cial and very careful treatment of the 
constructional design. 

The modulus of elasticity of light me- 
tals or alloys, varies according to the 
precise composition, with a maximum 
value of about 70000 kgr. per cm? 
(995 600 lb. per sq. inch.), which is only 
about one third of the corresponding 
figure for steel. The low modulus of 
elasticity results in a tensile strength 
which is also not more than one-third 
of that of steel, so that if an attempt is 
made to avoid increasing sectional areas, 
a balance has to be struck between re- 
ducing the length of the members and 
increasing the moment of inertia by 
using a favourable shape of cross sec- 
tion. Another point is that steel with- 
stands temporary stresses beyond the 
elastic limit much better than light me- 
tal which has considerably less resist- 
ance under continuous stress. This ne- 
cessitates special care in the use of sheet 
aluminium for panelling when such 
panels replace the diagonals of a braced 
frame, as is generally the case in pas- 
senger stock, and have therefore to re- 
sist certain, forces. Excessive stresses 
must be carefully avoided since other- 
wise the light metal will become brittle. 
In such cases it is necessary to select 
a greater thickness for the sheets or to 
stiffen them. 

The weakness of light metal to resist 


distortion and the softness of its sur- 
face are particularly objectionable in 
parts that are subjected to considerable 
pressure or to wear and tear. These 
disadvantages can be overcome by in- 
creasing the area under compression or 
interposing some harder material. 

Riveting also requires special care. 
The riveting of light metal being a cold 
process as opposed to the method used 
in steel riveting, the powerful forces 
exerted by the contraction of the hot 
rivets are entirely absent. Shear forces 
in light metal riveted construction are 
therefore resisted chiefly by the cross- 
section of the rivets and not by the 
friction between the sheets as in riveted 
steel work. It follows that with light 
metal the number of rivets must be in- 
creased and their cross-section cor- 
respondingly reduced. 

Another property of light metals and 
light metal alloys which proves a great 
disadvantage is that the strength of 
these materials decreases very rapidly 
with increase of temperature, while 
high-tensile alloys lose their special qual- 
ities under heat treatment and parts 
constructed of this material have to be 
re-annealed after being worked hot. 
Then again the resistance to corrosion 
is low especially in the case of the high- 
grade alloys. As pure aluminium, 
though lacking in strength, is the best 
material to resist corrosion, it has be- 
come the practice to protect sheets of 


. mechanically stronger alloys by rolling 


pure aluminium on to them; this pro- 
cess adds still further to the cost of 
these materials. 

Hence the possibilities of economising 
weight offered by the light metals and 
alloys as compared with steel is largely 
nullified in just those cases where the 
use of the very expensive light material 
is desired for structural members, on 
account of the unavoidable increase of 
cross section. 


The adaptation of the various parts 


to carry the stresses that occur is pos- 


2073 
VI—159 


sible not only with light materials, but 
also in steel construction by using spe- 
cial profiles and constructing the mem- 
bers out of flanged sheet metal of suit- 
able form and thickness; moreover, 
weight can be reduced by using special 
steel of high tensile strength, and the 
steel can be made to resist corrosien by 
the addition of copper. 

For the reasons outlined above the 
State Railways have hitherto only allow- 
ed the use of light materials on a con- 
siderable scale in the suburban train 
described in detail later, and they will 
determine from experience with this 
rolling stock the extent to which the 
use of expensive light materials is pos- 
sible in meeting the severe mechanical 
Stresses of passenger stock; the economy 
of the design from the maintenance 
point of view will also be studied. 

On the other hand the light type of 
rail motor coaches and trailers that have 
already been completed and for which 
further orders have been placed are of 
steel construction. This decision was 
based on the conviction that the use of 
the considerably cheaper high-quality 
steel would result in approximately the 
the same weight for at least equal 
strength, greater durability and mater- 
ially lower cost. 

For branch lines, four-wheeled rail 
motor coaches have been built for a 
speed of 65 km. (40.4 miles) per hour, 
with 100 and 120-H. P. engines. The ve- 
hicle weighs 12.0 to 13.5 t. (11.8 to 13.3 
Engl. tons) empty, and in working order 
an additional 0.5 ton. The older rail mo- 
tor coaches of similar construction but 
with engines of smaller horse power 
weighed 18 to 20 t. (17.7 to 19.7 Engl. 
tons). The new coaches have approxi- 
mately 8 H.P. per ton of tare weight as 
against 3.75 H. P. in the older vehicles. 
The weight per square foot of floor sur- 
face has fallen by about 40 % while the 
engine power per ton of tare weight has 
increased by some 113 %. Due to their 
ability to start rapidly and stop quickly 


the new carriages have enabled the jour- 
ney speed to be raised considerably; they 
are intended for service on branch lines 
with numerous unattended level cross- 
ings and in hilly districts. 

The body framing and underframe are 
of high-grade steel and welding is used 
extensively in place of riveting (fig, 8). 

The trailer cars of similar construc- 
tion weigh only 9 t. (8.85 Engl. tons) for 
a seating capacity of 44. Lavatory ac- 
commodation is provided and large end 
platforms for standing passengers (fig. 9). 

The interior of the motor coaches and 
trailers is arranged as a large compart- 
ment and decorated in a simple but ade- 
quate manner. No second class accom- 
modation is provided. Side buffers and 
a simple screw coupling are fitted, with- 
out an emergency coupling. The buffers 
and couplings are of specially light con- 
struction, as these carriages are not in- 
tended to be made up into trains or to 
run with standard stock; the buffers and 
couplings can be easily removed in the 
event of it proving desirable to run the 
motor coaches by themselves on certain 
routes, A large luggage compartment is 
provided in the motor coaches. 

Special light eight-wheeled rail motor- 
coaches and trailers are being built for 
main lines and branch line service, con- 
structed according to the same _ prin- 
ciples. The engine power of the motor 
coaches is 175 H.P., and the weight of 
the empty vehicle 29 t. (28.5 Engl. tons) 
(fig. 10). = 

The trailers for these motor coaches 
weigh only 18 t. (17.7 Engl. tons), and 
have seats for 90 passengers. Both types 
of coach are arranged with open com- 
partments like those of the four-wheeled 


‘stock (fig. 11). 


The ends are rounded so that the best 
possible speed can be reached against a 
head wind. The buffers and couplings 
on these carriages also are of specially 
light construction as not more than two 
of these vehicles are allowed to be 
coupled together. 
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Fig. 9. — Interior of 100-H.P. rail motor coach. 


Both the four and eight-wheeled carri- 
ages have already been tested and ride 
well and give a good performance, The 
eight-wheeled trailer was sujected to fur- 
ther special tests for riding qualities. It 
was loaded with the dead load of 7.5 t. 
(7.4 Engl. tons) and attached to a spe- 


cial experimental train run at speeds up 
to 132 km. (82 miles) per hour, It show- 
ed such excellent riding qualities under 
these conditions that most probably such 
carriages could be run at still higher 
speeds were a suitable form of motor 
available, ~ bi Eel kis ce) 
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Fig. 11. — Interior of 175-H.P. rail motor coach. 


In addition to these rail motor coaches 
driven by petrol and Diesel engines a 
further four-wheeled carriage of the 
light type of construction already de- 
scribed was equipped with steam pro- 
pulsion on the Dobel system. The tests 
that have so far. been made show that 
this vehicle also is capable of giving a 
satisfactory performance, and rides well 
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up to 90 km. (56 miles) per hour (fig. 
12). d 

On the basis of the very satisfactory 
results obtained with these specially 
light four and_ eight-wheeled motor 
coaches and their respective trailers, the 
German State Railways have ordered 
further carriages of the same class. In 
order to permit faster running on lines 


with more severe gradients, the four- 
wheeled motor coaches were specified 
to have Diesel engines of 150-H. P., and 
the four-wheeled trailers to have larger 
accommodation for an increased num- 
ber of standing passengers. 

In addition to the eight-wheeled mo- 
tor coaches so far equipped with 175- 
H. P, Diesel engines similar coaches of 
the lightest construction were ordered 
for running at high speeds, to be fitted 


with 300-H.P. engines, and later on 
others with 410-H.P. engines. These 


Diesel-electric coaches have been design- 
ed with rounded ends and valances be- 
low the body framing for the purpose of 
reducing the air resistance. The trailers 
have been designed on corresponding 
lines and with driving compartments. 

It is anticipated that these larger 
Diesel-electric coaches will have tare: 
weights of 42.0 t. (41.3 Engl. tons) for 
the 300-H. P. unit, and 42.5 t. (41.8 Engl. 
tons) for the 410-H.P. unit, while the 
corresponding trailers should not mater- 
ially exceed the present weight of 18 t. 
(17.7 Engl. tons). 

Railways are having to meet increas- 
ing competition from air transport as 
well as from road vehicles. The result 
of this is seen in the growing practice 
of comparing the journey time by train 
with that generally taken by aircraft. 

The State Railways are therefore con- 
templating the introduction of a fast 
service running at 150 km. (93 miles) 
per hour on the Berlin-Hamburg route, 
which is particularly suitable by reason: 
of its few curves and level contour. The 
twelve-wheeled Diesel-electric high-speed 
carriage which is now being constructed 
by the State Railways for this purpose 
will be built in accordance with the 
practice prevailing hitherto in railway 
carriage design and therefore should not 
be confused with the so-called « rail-zep- 
pelin » of Herr Kruckenberg. It will 
have second-class accommodation only, 
for about 100 passengers, as well as a 
buffet and a luggage compartment. At 


the high speeds contemplated, the ex- 
ternal shape will exercise considerable 
influence on the performance; a close- 
coupled type of articulated unit is there- 
fore being adopted, the space between 
the bodies being filled in with a large 
diaphragm and the ends carefully shap- 
ed, both front and rear being given the 
same form as the unit has to travel 
equally well in both directions, without 
being turned at terminal _ stations 
(figs23). 

The double unit has two end bogies 
and a central articulation bogie (Jakobs 
bogie), these and the underframes being 
shrouded by means of sheet metal val- 
ances in order to avoid air eddies. As 
all re-entrant angles have a very adverse 
effect, the windows and doors are ar- 
ranged as far as possible so as to be 
flush with the outside surface. Instead 
of buffers with round heads, a special 
form of buffer beam fitted with rubber 
blocks is employed and offers much less 
resistance. 

Each of the outer bogies is equipped 
with a 410-H.P. Maybach motor and 
electric generator; the central bogie car- 
ries the two electric traction motors. 

In order to economise weight, welding 
has been used extensively in the high 
speed unit. The estimated weight is 77 t. 
(75.8 Engl. tons). 

This light type of construction is now 
being extended to single phase alternat- 
ing current electric vehicles taking their 
supply from an overhead conductor. De- 
signs are being prepared for vehicles in 
which the pover equipment is mounted 
in the bogies in the same manner as in 
the eight-wheeled carriages driven by 
internal combustion engines. Efforts are 
also being made to arrange for the trans- 
formers to be carried on the bogies as 
this arrangement would enable the light- 
est possible construction of the body to 
be used. : 

The motor coach stock developed by 
the German State Railways in conjunc- 
tion with the various firms of carriage 


1 


Fig. 13. — 820-H. P., high-speed motor coach, Wumag, Gorlitz. 


Fig. 14, — Rail omnibus, by Henschel, Cassel. 
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builders has been supplemented further 
by rail omnibuses of a special type con- 
structed by Messrs. Henschel & Sons, of 
Cassel. Thir firm has made a special 
point of reducing the unsprung weight 
of the axles and with this object in view 
has transferred the springing to the 
wheel discs. The first of the rail omni- 
buses fitted with rubber-disc wheels of 
this kind has only one driving compart- 
ment and it is therefore necessary to 
turn it round at terminal stations, The 
engine equipment is almost exactly the 
same as that of a large street omnibus 
(fig. 14). This vehicle has been in service 
for some months past. Further rail om- 
nibuses of somewhat modified design 
are now being built by Messrs. Henschel 
for the German State Railways; these ve- 
hicles will have two driving compart- 
ments and a centre entrance. The de- 
sign thus begins to resemble that of the 
motor coaches, and the weight also will 
approximate to that of the four-wheeled 
motor coaches previously described. 
Some reference may now be made to 
Ing. Kruckenberg’s propeller - driven 
coach, to which the name « rail-zeppe- 
lin » has been given. Light construction 
has been developed to a very advanced 
stage in this vehicle. The technical 
means by which speeds of 230 km. (143 
miles) per hour have been obtained, are 
the combination of the best possible ex- 
ternal form with the lightest possible 


weight, and the use of a form of drive — 


that is particularly suitable for high 
speeds. 

The propeller carriage has only one 
driving compartment and is built with 
a finely tapered tail-end; it can there- 
fore attain its maximum speed only 
when running in the forward direction, 
The requirement of equally good run- 
ning in both directions was sacrificed 
in order to render the solution of the 
problem somewhat simpler. 

Reduction of weight was effected by 
using a tubular construction for the body 
framing. The forward end, and_ the 


sides below the windows have alumi- 
nium panelling, and the upper portion 
including the roof is covered with im- 
pregnated fabric. 

The carriage weighs about 20 t. (19.7 
Engl. tons) when empty, and runs on 
two pairs of wheels only, with the un- 
usually large wheel base of 19.60 m. (64 
ft. 4 in.). Sharp curves and points have 
to be taken at reduced speed, after put- 
ting into operation the device fitted to 
give the axles some freedom for angular 
movement relatively to one another, in- 
stead of maintaining them parallel as in 
normal running . The decision not to use 
bogies was due to the necessity for sav- 
ing weight, and for having sufficiently 
high wheel loads for adhesion, 


Under (4) above : New light carriages 
for metropolitan lines. 


As stated above the German State Rail- 
ways have had a train set of 8 carriages 
constructed for the Berlin metropolitan 
lines, in which the fullest possible use 
has been made of light materials, the in- 
tention being to determine from exper- 
iments with these vehicles whether the 
employment of these very expensive ma- 
terials will prove economical under 
practical working conditions. Apart 
from this, light metals or light alloys 
have been used in the constuction of 
passenger stock to a limited extent only 
for various fittings that are not subjected 
to much stress or to the effects of wea- 
ther ;: such parts include ash trays, hat 


cand coat hooks, lavatory fittings, door 


plates, interior panels, ventilators, net 
rack brackets, etc. 

The first suburban carriages of steel 
construction for the experimental train 
weighed 45.5 t. (44.8 Engl. tons) in the 
case of the motor coaches, and 33.9 t. 
(33.4 Engl. tons) for the trailer control 
coaches. By very careful modification 
of the details and of the design as a 
whole it was subsequently found pos- 
sible to reduce the standard weights for 
the class to approximately 38 t. (37.4 
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Engl. tons) and 27 t. (26.6 Engl. tons), 
i. e. by 16.5 % and 20.3 %, while retain- 
ing the riveted form of construction. 

Experience in the use of welding for 
passenger stock was not available at 
that time, and it seemed that the “use 
of light metal was the only possible 
economical way of effecting further re- 
duction in weight in spite of the much 
greater cost of such materials. This sup- 
position was especially justifiable in the 
case of a metropolitan electric system 
with its frequent starting, rapid accel- 
eration, and heavy train loads, because 
any reduction in the dead weight of the 
carriages must react very favourably on 
the cost of electric power. 

The contract for the 8 carriages for 
the metropolitan line train was divided, 
2 of each of the mctor coaches and trail- 
er control coaches being entrusted to 
Messrs. Linke-Hofmann-Busch, Bautzen, 
and to Messrs. Wegmann & Co., Cassel, 
respectively, Designs were prepared by 
both firms in collaboration with the 
manufacturers of the light materials, 
and to obtain the widest possible exper- 
ience the carriages were built to differ- 
ent designs. 

The original designs had to be mo- 
dified several times. The first intention 


had been to use nothing but light metal ~ 


or light alloys, for the body, the interior 
finishing, the underframe, and the bo- 
gies, As however the light-metal carri- 
ages had to be as good as other steel 
carriages as regards strength to resist 
impact, and safety in operation, it was 
feared that should the 2 types of vehicle 
run into one another violently, the sills 
and horizontal members constructed in 
light metal might fail. Moreover, the 
inability of light constructional mater- 
ial to withstand indentation or buckling 
must be looked upon as a serious dis- 
advantage. Once a piece has become 
indented from any cause it can no longer 
be relied upon to withstand the stresses 
for which it was designed. It was there- 
fore decided that high-grade steel should 


be used for the underframe, especially 
for solebars, end sills and important 
cross-members, in the same manner as 
in the light suburban carriages of steel 
construction. 

Further revision of the designs was 
necessary on account of the important 
advances made at that period in the 
manufacture of sections in light mater- 
ial. Previously all medium and large 
sections had to be bent out of light-metal 
sheet, but it is now possible to produce 
drawn sections with a high moment of 
resistance up to 160 mm. (6 5/16 inches) 
depth of web. 

The improvements also made in the 
riveting of light metal enabled cold ri- 
veting to be done with rivets up to 16.8 
mim. (0.66 inch) diameter. 

Certain delays in the manufacture of 
the material had to be contended with, 
due to the fact that difficulties were en- 
countered in the initial production of 
some of the new sections. 

As a result of ali these delays, the light 
metal carriages that were commenced as 
far back as 1928, were only completed 
by the end-of 1930. 

The bodies were constructed almost 
entirely of light metal, this being used 
in particular for the sides which were 
of framed construction, and for the de- 
tails of the interior equipment such as 
grab handles, commode handles, net 
rack brackets, window frames, seat sup- 
ports, etc. 

Light materials were definitely ruled 
out in the case of the bogies for express 
carriages because of the severe stresses 
due to frequent starting and braking and 
the necessity of absolute safety in oper- 
ation. The bogies finally used are exact- 
ly the same design and are constructed 
of the same materials as those for the 
light steel suburban carriages, and are 
interchangeable with them, 

Messrs. Linke - Hofmann - Busch con- 
structed the partitions partly of light 
metal, whereas Messrs. Wegmann used 
this material exclusively. The usual 
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wood construction was retained for the 
interior panelling by the former com- 
pany, whereas Messrs. Wegmann employ- 
ed light metal. 

For the sliding doors Messrs. Linke- 
Hofmann-Busch used mainly cast  silu- 
min, and Messrs. Wegmann « Lautal » 
sheet. 

It would have been possible to save 
weight by lightening the electrical equip- 
ment, but in order to avoid the develop- 
ment of anew design of motor no change 
was made. 


The light-metal carriages being lighter 
than the light steel carriages resulted in 
a discrepancy between the ratio of load- 
ed and unloaded weight, and the former 
type was therefore provided with an au- 
tomatic brake adjustment. 

There is very little difference between 
the light-metal and the light steel carri- 
ages either externally or internally. The 
interior of the former is distinguished by 


a) Reduction in Linke-Hofmann-Busch motor coach 


the silver-gray finish of the fittings, 
whereas bronze and brass are used in 
the steel vehicles (fig. 15). 

The weights of the finished carriages 
are as follows : 


I. Linke-Hofmann-Busch, Metric (Engl.) tons. 
Motor coach : 34.35 (33.80) 
Trailer control coach . 23.18 (22.81) 

Il. Wegmann, 

Motor coach . 
Trailer control coach . 


35.79 (35.22) 
25.09 (24.68) 


The reason for the somewhat high 
weights of the Wegmann vehicles seems 
to be due to Wegmann having used light 
metal for certain parts that Busch built 
of thin wood. 

The reductions in weight that have 
been achieved, as compared with the 
light steel suburban carriages weighing 
38.0. t. (37.4 Engl. tons) and. 27.0 t. 
(26.6 Engl. tons), are therefore as fol- 
lows: 


3.65 t. (3.59 Engl. tons) = 9.6% 


b) Reduction in Linke-Hofmann-Busch trailer control 


coach R sireciiy cow abot 
c) Reduction in Wegmann motor coach . 


d) Reduction in Wegmann trailer control coach . 


If the lighter design of Messrs. Linke- 
Hofmann-Busch proves to be satisfactory 
during the course of the next few years, 
and if, as a consequence, it is possible to 
build all new carriages to this design, 
the weight of a complete train of 8 ve- 
hicles (4 motor coaches and 4 driving 
trailers) will be reduced by 11.5 %. With 
the present price of power and load de- 
mands such a train, by reason of this 
saving of weight, would effect an econ- 
omy of 5000 Rm. per annum in the cost 
of electric power, and possibly a saving 
also in track maintenance. Against these 
economies must be set the not inconsid- 
erable sum made up of increased inter- 
est and sinking fund charges for the ca- 
pital involved, and the extra annual cost 
of carriage repair work. It will, of 
course, only be possible to form a defin- 


3.82 t. (3.76 Engl. tons) = 141% 
2.21t. (2.16 Engl. tons) = 5.8% 
2.00 t. (1.96 Engl.tons) = 74% 


ite conclusion as to the satisfactory qual- 
ities of these vehicles in operation and 
from the workshop point of view, after 
extensive experience in service over a 
period of at least several years; during 
that time special attention will be given 


‘to any symptoms of ageing which may 


reveal themselves in the light metal. 

It should not be overlooked that these 
light metal carriages are being compared 
with light steel vehicles of riveted con- 
struction. In view of the remarkable suc- 


cess that has attended the use of welding 


in other steel vehicles, it is necessary to 
bear in mind that large savings in weight 
can be obtained by using welding for 
the steel type of construction, provided 
that the present heavy construction is 


lightened and high-quality steel employ- 


ed. It is hardly likely that this type of 


zt 
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fig. 15. — Light-metal carriage for the Berlin Metropolitan Railway. 


Fig. 16, —Welded express-train carriage of the Netherlands Railways. 


eo 


construction will increase the cost of the 
carriages. Due account has to be taken 
of the fact that the weights of the carri- 
ages will then approach much nearer to 
those of light metal construction. There 
is a probability that even if a consider- 
able fall occurs in the price of light me- 
tals and light alloys, steel construction 
will prove to be cheaper than light me- 
tal construction, 

It is hoped that the construction of 


light welded suburban carriages will 


provide reliable information on this 
point in the near future. 


Netherlands and her Colonies. 


The Netherlands Railways had _ the 
following all-metal vehicles at the 1 Jan- 


uary 1932: 
Carriages for express trains and ordin- 
ary passenger trains : 


SAB ads <n oreeeet 
Crd aoe. aa 6 
Gil 2e- ps ego 
Pade Sete ae 
Degetteie ee CF ante ROU 

158 


2082 
VI—168 


Trailers for motor coaches : 


A BeG we eee 11 
Bee, 4 ee 2 
GEOL S te Fant ae 11 

32 

Motor coaches : 

OTs Gite weal «nate vf 
OTIUED L) = ae ted 6 
UD Le ener. if 
mC CD ee 43 

67 


This gives a total of 257 vehicles = 
7.2 % of the vehicles of all kinds. 

There were at that date under con- 
struction : 


A BEX ip tate. 25 
(DN (ihe an EO ae a el 15) 
50 


In addition to these 50 carriages, the 
following carriages of new types have 
been completed, over and above the num- 
bers of all-metal carriages at the 1 Jan- 
uary 1930, as reported for the Madrid 
Session : 


Cid Gs eae 70 
Ome D Cee ae ae fh 
Oma. kaos. 6 

83 


It follows that whereas the number of 
all-metal carriages at the 1 January 1930 
was about 4.9 % of the total, the figure 
at 1 January 1932 had risen to 7.2 %, 
an increase of 47 %. 

Of the carriages built after the 1 Jan- 


uary 1930, the 25 AB d vehicles that - 


were built since the 1 January 1932 were 
designed as corridor carriages, Instead 
of having sliding doors in the ends as 
in the German carriages, those of the 
Netherlands Railways are fitted with 
single hinged doors opening inwards 
(tig. 1G). 


The carriages are of welded construc- 
tion. 

The 70 all-metal vehicles of the C 12c 
series may be said to be compartment 
coaches, even though there is only one 
outside entrance door to each section of 
two compartments. The seating is ar- 
ranged in pairs of seats on each side of 
the central gangway running through 
the carriage. Each section of two com- 
partments is separated by a partition 
running the full height and containing a 
sliding door. The two compartments 
forming each pair are separated by a 
low partition. 

There are no entrances at the ends of 
the carriages and consequently no con- 
necting gangways. The riveted all-me- 
tal type of construction has been adher- 
ed stom Gire ser 

Welding was again adopted for the 
latest luggage vans completed since the 
1 January 1932 for fast trains. They 
have end entrances with gangways and 
vestibule connections, and one entrance 
in the side. As regards observation of 
the track no raised guard’s lookout is 
provided but the baggage compartments 
are narrowed so that the track may be 
observed through the side windows of 
the widened guard’s compartment 
(fig. 19). 

So far the use of welding as a new 
method of construction has not led to 
any noteworthy reduction of weight in 
the 25 express-train carriages and 25 


_ luggage vans. 


For the new motor-coaches with inter- 
nal combustion engines of the om BC and 
om C series, riveted steel construction 
has been retained. These cars have two 
engines arranged parallel to one another 
below the centre line of the carriage, 
and each drives the two inner axles of 
one bogie. Second and third-class ac- 
commodation is provided and there is a 
connecting ganway in the end. They are 
intended for suburban (branch line) 
traffic, 


In the type of steel construction used 


2083 


VI — 169 


Fig. 17. — Riveted carriage for stopping trains, of the Netherlands Railways. 


Fig. 18. — Interior of riveted carriage for stopping trains. 


on the Netherlands Railways, like that 
employed in the German vehicles, the 
body and the underframe form one unit 
so that the sides may be regarded as 
forming part of the supporting structure. 

Light metal or light alloys have not 
yet been used by the Netherlands Rail- 
ways in the construction of passenger 
vehicles. 

With regard to all-metal carriages in 
the Dutch Colonies, the Dutch Indies 
State Railways and Tramways, Bandoeng, 


report that on the 1 January 1932, 3.2 % 
of the electric motor coach vehicles with 
overhead collection were of all-metal 


: constriction. In addition there were at 
“that date under construction another 12 


motor vehicles of the same design with 
an overal length of 18.50 m. (60 ft. 8 3/8 
in.), and 13 with a-length of 14.50 m. 
(47 ft. 7 in.). No other types are being 
designed or built. 

The 12 vehicles are of the third-class 
corridor type with entrances at the ends 
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and centre, whilst the 13 are luggage 
vans. 

The body and underframe are con- 
structed separately, but mounted rigidly 
together, the body structure supporting 
itself as an independent member. The 
18.50-m. (60 ft. 8 3/8 in.) carriages have 
not yet been delivered. 


Rumania. 


The Rumanian Railways report that 
the number of all-metal carriages has not 
changed since the time of the Madrid 
Session, and that owing to the unfavour- 
able financial conditions no new metal 
vehicles are either being built or pro- 
jected. 

So far the all-metal stock has been op- 
erated only on main lines, but in. view 
of their greater safety and durability 
they will also be used on branch lines 
at some future date. 

The body and underframe are separate 
in the existing-vehicles, the body being 
wholly supported by the underframe. 


Sweden. 


The all-metal carriages on the Swedish 
State Railways formed 10 % of the total 
number of bogie carriages at the 1 Jan- 


uary 1932. Other types of passenger ve-. 


hicles have not been taken into account 
because the State Railways intend to use 


nothing but all-metal construction for 


bogie stock. : 

At the date mentioned another 18 all- 
metal carriages were under construction. 
Two of these are saloon carriages, and 
the remaining sixteen third-class corri- 
dor sleepers, each having thirteen three- 
bed compartments (fig. 21). 

The all-metal carriages are intended 
for use on main lines only. 

The body and underframe forms an 
integral structure. 


III. — Constructual methods 
and materials. 


Germany. 


1. New welded carriages of ali-steel con- 
struction for express-corridor trains, 
express trains, and slow trains. 


The bogies, underframe, sides, ends 
and roof, as well as a large part of the 
brake gear of the carriages are entirely 
of electrically welded construction. The 
advantages of arc welding as compared 
with the former riveted construction are 
as follows : 


a) Complete elimination of the weak- 
ening caused by holes in the members; 


b) Saving of material as a result of the 
better methods of jointing and utilising 
the various sections and sheets; 


c) Reduction or elimination of the 
cover plates and angle pieces at joints 
which have been necessary in order to 
spread the stresses over an adequate 
number of rivets; 


d) Replacement of cast parts by light- 
er welded parts. 


St. 52 steel was used for the bogies, 
underframe, side stanchions and roof 
carlines. The special qualities of St. 52 
ple 2 


a) Its high elastic limit. When all the 
forces are taken up by the underframe it 
is safe to design many parts so that the 
stresses are in the elastic region; 


-b) High breaking strength. In railway 
operation, stresses may easily occur that 


‘are above the elastic limit as, for ex- 


ample, in shunting operations, or with 
normal impact. St. 52 steel. gives an 
ample margin of strength to resist frac- 
ture; : 


c) High strength when subjected to vi- 
bration; 

d) The addition of copper largely re- 
duces the tendency to rust. 


Fig. 22. -— Sleeping compartment in 3rd-class sleeping car, 
Swedish State Railways. 
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St. 52 is a special steel that represents 
a pooling of the development work car- 
ried out by several firms in the German 
iron and steel industry in investigating 
various alloy steels having physical cha- 
racteristics largely similar to silicon- 
steel. Tests have shown that St. 52 is 
capable of sustaining higher stress than 
St. 37, up to as much as 50 %; its ten- 
sile strength is 52 to 64 kgr. per mm? 
(33 to 40.6 Engl. tons per sq. inch), and 
its elastic limit not less than 36 kgr, per 
mm? (22.8 Engl. tons per sq. inch). 

In constructing vehicles of this mater- 
ial, it may not be desirable to increase 


the stresses by 50 % for reasons of sa- 
fety and to avoid vibration, but it is ob- 
vious that even without doing so, con- 
siderable saving of weight can be secur- 
ed. St. 52 gives good results with mo- 
dern welding processes. It is as good 
as special nickel-steel in physical qual- 
ities, and is given a high degree of re- 
sistance to corrosion by incorporating 
copper to the extent of at least 0.25 %. 

The following table gives comparative 
test figures for the strength of St. 52 and 
for the St. 37 steel that was formerly 
much favoured : 


| Thick- | y,. om Load, . 
| =e Width B28 Breakiny Rae yen Elongation, °/o 
Mate- Test p eve 3 gs load, (ING VORS 0GE | = ne 
rial. cutehrann ot test piece, 3.4 i |emetric sq. inch), | 
in mm. aad Boge: > ae Spe ified | Actual, | 
(inches) DS | ( ng!) Specified, | Actual | | 
=) tons. 
St. 52 240 xX 8 8.3 39.6 200 18.4 52/6? 55 | 20 38 
} (0.320) | (1.558) | (7.87) (17.8) | (83.0/39.4) | (24.9) 
St. 37 NP 6 528 2055. 200 6.8 31/45 40 20 27 
(0.228) | (1.169) | (7.87) (Game (23/286) =i 2ae | ‘i 


The girders in the various designs are 
_constructed partly of standard rolled 
sections, partly of special sections, and 
in some cases of flanged plate. 

The sheets for the panelling formerly 
did not-contain any copper and like the 
rolled sections were made of thicker 


“material on account of the possibility of - 


rusting; the addition of copper to the 
alloy has rendered it possible to reduce 
the thickness. 

Following previous practice pressed 
sheet metal has been used only for the 
seat supports. The use of cast steel has 
been avoided almost entirely. 

In the three D-train carriages already 
completed by Messrs. Wegmann & Co., 
of Cassel, rolled sections have been used 
for preference, 


ing in order to prevent distortion. 


For the girders of the underframe, 
which are subjected to twisting stresses 
as well as bending stresses, a box form 
of cross-section was chosen, as it is well 
known that this form of construction is 
the most suitable for resisting combined 
stresses. Provided they are not too long 
this kind of girder lends itself very well 
to the use of welding; the girders are 
held in a special frame during the weld- 
Fig- 
ures 23, 24 and 25 show cross. sections 
of members of this type as used in the 
underframes. 

From static considerations the beams 
shown in figures 23-and 25 are to be 
preferred to that shown in figure 24. 
With the former designs, however, pipe 


‘clamps, rubbing plates, stirrups, etc. can 
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Fig. 23, — Welded girder made up of channel 
sections, 


Scnitt A-B 


LLL LLL LLL LLL 
with 


Fig. 24. — Welded box-type girder 


Fig. 26. — Welded buffer beam, 
extension pieces. Wegmann, Cassel. 


Note — Schnitt A-B. = Section A-B. 
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Welded (new design). Riveted (old design). 


Fig. 27. — Method of connecting cross-bearer with sole bar. 
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only be fixed by screws or welding. In 
the design of figure 24 the top and bot- 
tom plates are increased in width so that 
the above-mentioned details can be fixed 
by bolts and nuts, thus facilitating their 
removal when required. 

It has not been possible to design the 
buffer beam as a box girder owing to 
the limited space available. It is there- 
fore constructed in { form of plates 
welded together, and the top and bottom 
plates are extended at the ends so as to 
provide for the diagonal bracing of the 
underframe (fig. 26). 

These extension pieces are welded to 
the straight plates by double V seams so 
as to avoid the extra loss of material 
that would result from shaping the 
plates. The end portion shown in fig- 


ure 26 is welded together in a frame and 
afterwards built into the structure. 


CATs 


:EXUDDDIDI:N 


Fig. 28. — Welded sole bar. 


The cross beams are joined to the sole 
bars. by welding, bracket shaped plates 
being used to strengthen the joints. Fig- 
ure 27 shows side by side the simple new 
method of jointing and the old riveted 
construction that has hitherto been stan- 
dard. 

The sole bars consist of two angle- 
irons joined together by a number of 
uniformly spaced stiffening plates (fig. 
28). This design was decided upon as 


technically suitable for the welding pro- 
cess. 

The forgings and castings that have 
hitherto been used in the underframe 
have been replaced, with advantage, by 
welded construction, and a _ weight 
saving of up to 50 % has resulted. 

Figure 29 shows the bearing for the 
buffer equalising beam as constructed 
in the new light welded design and the 
old riveted design. Similarly, figure 30 
illustrates the fulcrum block for the 
hand-brake lever in the two methods of 
construction. 

Figure 31 shows a complete welded 
underframe, 

Figure 32 is a cross section through 
the side of a vehicle. The lower plate 
angle a, the inner central flange angle b, 
and the upper flange angle c, are laid 
on supports with the sides uppermost 
that will face the inside of the panelling. 
The uprights, which are bent to Z shape 
out of 2 1/2-mm. (3/32 inch) sheet are 
clamped in position at the required dis- 
tance apart. In order to prevent move- 
ment of the uprights during the welding 
process and to preserve accurately the 
dimensions and trueness of the window 
openings, the uprights are held firmly in 
specially prepared clamping frames. The 
welding of the uprights to the three run- 
ners a, b and c is proceeded with only 
after checking all the dimensions. The 
outer plates are laid down and tacked 
in place from below at a number of 
points. 

The side is then turned over and weld- 
ing of the sheets to the uprights is com- 
menced. The method adopted is the pro- 
gressive weave type of welding (fig.34). 
By welding first on one upright and then 
on another and by conducting the heat 
away as quickly as ever possible, distor- 
tion of the sheet panelling is limited to 
the minimum amount. 

When running in service the body un- 
dergoes twisting stresses due to unsym- 
metrical forces exerted on the side bear- 
ing pieces, which vary in degree ac- 


N 
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beam. 


Welded (new design) 


beam, 


Riveted (old design) 


Vig. 29. — Bearing for buffer equalising beam. 


cording to the condition of the track and 
running of the vehicle. It is necessary, 
therefore, to make the body also as stiff 
as possible against torsional stresses. 
This is possible when the underframe, 
sides and roof are welded together to 
form a rigid tube. The roof also has an 
important influence on the stiffness of 
the body. If the roof is too weak it will 
tend to vibrate itself and to transmit its 
movements to the sides. 

The roof is consequently provided 


with strengthened, welded carlines of 


flanged plate, which are considerably 
more rigid than the old carlines made of 
rolled sections and in addition show a 
saving in weight of about 30 %. The 
thorough stiffening of the roof in the 
longitudinal direction also can be seen 
from figure 35. ; 
Statically the two longitudinal stiffen- 
ers form a bridge construction with the 
carlines acting as points of support. The 
roof covering, made of 1 1/2-mm. (0.059 


Bearing for buffer equalising 


Bearing for buffer equalising 


Fulerum block for hand-brake lever. 


Riveted (old design). 


Fig. 30. — Fulcrum block for hand brake lever. 


inch) sheet, is still connected to the car- 
lines by riveting: In later designs weld- 
ing will displace riveting at these points 
also. 

Twisting tests have demonstrated the 
ample strength of the roof to resist dis- 
tortion. 

Special value has been attached, 
throughout the construction of the frame- 
work of welded carriages, to devising 
methods which are in every way as sim- 


xXI-—3 


ple as those adopted for riveted vehicles. 
The underframes, sides, ends and roof 
are made as separate units and then as- 
sembled, This method has already shown 
itself to be the best for riveted carriages 
and it was only logical to adhere to the 
same system of erection for the welded 
vehicles, in which there is undoubtedly 
a possibility of distortion due to the 
effect of heat. 

The trial runs have shown that the 


Fig. 43. — Framework for body side, Wegmann, Cassel. 


e, Wegmann, Cassel. 


1 


body sic 


Fig. 32. — Welded 


54, — Welded side. 


Fig. 
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Seitenwardrurge 


Horizontal seam for welding body side 
to underframe. 


Fig. 36. — Method of connecting side to under- 
frame in a welded carriage. Wegmann, 
Cassel. 


construction of the carriages is satisfac- 
tory and that they have good riding 
qualities. 
Much care has been given to avoiding 
the necessity of overhead welding, 
which is both more difficult and less re- 
liable; no welding of this kind is em- 
ployed even in the assembly of the un- 


derframe. The underframe is suspended 
from cranes and manceuvred as required 
to ensure that horizontal welded seams 
only are necessary. 

For the same reasons, the sole bars 
are made up of two angle irons that are 
not butted close together; in this way 
the sides can be fitted to the underframe 
entirely by horizontal seams. Figure 36 
shows how accessible and convenient 
this arrangement is for carrying out the 
welding operations. 

A disadvantage of welded construction 
is that the first coat of paint cannot be 
applied until all welding has been com- 
pleted. Several weeks are required for 
finishing a carriage, and it is essential 
for the finished steel frame to be sand- 
blasted again after the panelling has 
been fixed. 

There is no risk of the inside of the 
closed box girders rusting as they can 
be made completely airtight, as is shown 
by many water pressure tests that have 
been made. In the case of the cross 
bearers that carry the bogie pivots it is 
not possible to avoid cutting some open- 
ings, and paint is applied inside them 
by compressed air. 

It was decided to adopt the arc weld- 
ing process for the welding together of 
the steel parts. At first difficulties were 
experienced with the selection of the 
electrodes. The use of the high-grade 
St. 52 steel required that the welded 
seams should be 50 % stronger than the 
corresponding figures for St. 37 steel. 


By using a new and specially prepared 


electrode the desired strength was actu- 
ally obtained; the elongation, however, 
had to be greater in view of the vibra- 
tion to which the body frame is subject- 
ed. It was found also that the material 
in the seams was so hard that is could 
only be worked by grinding, Following 
preliminary experiments, therefore, an 
electrode was finally chosen of some- 
what less strength, but with a greater 
elongation. The preliminary tests were 
made on a bogie cross girder which a 
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series of thorough load tests proved to 
be free from any fracture in the seams, 
even when the girder was bent by the 
excessive loading. Figures 37 and 38 
show the loadings and deflections at va- 
rious stages, and the girder in its final 
bent condition. - 

As previously mentioned, the inside 
lining, the partitions and the floor of one 
of the two welded carriages were of the 
same wood construction as had previ- 
ously been customary in D-train vehicles. 
In the other welded carriage the arti- 
ficial wood « Histoxyl » was used, with 
oak veneer for the sides and partitions, 
and an additional saving in weight of 
about 1 ton was thereby effected. 

The weight of the third class D-train 
carriage in riveted construction using 
the earlier heavy constructional parts 
was about 47.0 t. (46.2 Engl. tons), 
whereas the weights of the welded car- 
riages were as follows : 


a) Fitted with type III heavy Gorlitz bogies 
and 


1. Ordinary wood interior, 
Weight reduced to 40.1 t. (389.4 
Engl. tons) i. e. by approx. 


6.90 +.(6.8 Engl. tons). . = 147% 
2. « Histoxyl » interior, 
Weight reduced to 39.1 t. (38.4 
Engl. tons), i. e. by approx. 
7.90 t. (7.8 Engl. tons). . = 168% 


The above reductions are directly due to 
the method of construction. Further reduc- 
tions obtained. by collateral means were as 
follows: 


b) Fitted with Type III Light Gorlitz bogies 


and 


1. Ordinary wood interior, 
- Weight reduced to 37.5 t. (36.9 
Engl. tons), i. e. by approx. 


9.5 t. (9.3 Engl. tons) . . = 202% 
2. « Histoxyl » interior, 
Weight reduced to 36.5 t. (35.9 
Engl. tons), i. e. by approx. 
10.5 t. (10.3 Engl. tons). . = 223% 


These reductions in weight when referred 
to the original figures of 47.0 t. (46.2 Engl. 
tons), are made up of the following separate 
items ; 


Direct saving in weight due to: 
. Lighter parts such as 
windows, heating, sup- 
ports for luggage racks, 
lighting equipment, etc... 


ray 


about 2.20t.= 4.7% 
2. Welding of type Il 
heavy bogies . about, 118%," 2.51% 
3. Welding of body to un- 
derframe about 2.50t.= 53% 
4. Use of high-grade steel 
abOUt= 02 — mecca 
5. Use of « Histoxyl » 
about LOO0t.= 21% 
Total: 7.90t.=168% 
Indirect saving due to: 
6. Ability to use type III 
light bogies . about 2.60t.= 55% 
Grand total : 10.5t.= 223% 
The percentage saving due to the 
use of welding for the bogies instead 
of riveting, referred to the original 
weight of the bogies without wheels 
and wen — a saving of 1.18 t. on © 
11.0 t., 10.7 % 
The sae sia saving in the 
body and underframe, exclusive of a 
saving of 1.02 t. by using high-grade 
steel, is 2.5 t. and this when referred 
to a total weight of 12. is t. — 1.024. 
se TORE iin aS : , 21.0 % 
For both the bogies and the Ba 
with underframe having a_ total 
weight of 11.00 + 11.88 = 22.88 t., 
the saving is 118 + 250 = 3.68 t. 
or a percentage saving of . 16.1% 


The savings in weight under 1, 3 
and 4, amounting in all to 12.2 % 
have rendered it possible to use the 
light type of bogie. The further sav- 


i) ss = 27 3000 (35 4 #5 
P= Belastung des Trérers in t. 


Trig. 37. — Leformation tests by loads on welded 
main cross bearer of a C‘U carriage. 
Heplanation. of German terms : 
Durchfecerung, in mm = Deflection in millimetres. 
— Durehdiegung = Flexure. — Bleibende Durch- 
biegung = Permanent set. — Belastung des Triigers 

in t = Load on cross bearer in metric tons. 


Fig. 38. — Welded main cross-bearer bent by excessive test load. 
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ing of 2.60 t. due directly to the latter 
is also partly the result of welding 
in the proportion of 5.3 to 12.2, i. e. 
D3 

SSS 7k) ik 
12.2 

The aggregate saving of weight due 
to welding is therefore 3.68 + 1.13 = 
4.81 t. on a total weight of 22.88 t. 
equivalent to ‘ 


to the extent of 2.6. 


21.0 % 


In the case of the body and under- 
frame the saving due to welding and 
the use of high-grade steel amounts 
to 3.52 t. out of a total weight of 


WEN) a Oe 27.4% 


and for the bogies, body and un- 
derframe, the corresponding saving 
is 3.52+1.02=4.54 t., which, referred 


to a total of 11.00+12.90—23.90 t. is 190% 


Bearing in mind the direct saving 
of 2.60 t. obtained by the use of the 
light type of bogie, and that the 
-proportion of this due to welding and 

a (5.3-+2.2) 
high-grade steel is == LTO. 
12.2 
we arrive at a total saving in weight 
due to welding and high-grade steel 
amounting to 4.54+1.70=6.24 t. out 
of a total weight for the parts in 


question of 23.90 t.,or 26.2 % 


The great advantages of welding 
would appear to render it desirable to 
extend the use of the process as quickly 
as possible in carriage construction 
generally, especially as it cannot be said 
that the maintenance costs in the work- 
shops will be any higher than for riveted 
construction. 

Even though entire lack of experience 
may cause the first welded vehicles to 
be completed as an initial experiment, 
to come out dearer than the riveted car- 
riages that have been built for years 
past, it is perfectly certain that for sub- 
sequent and larger orders the cost will 
come down not only to the same level, 
but appreciably below it. 


In the same way the employment of 
high-grade steel particularly in conjunc- 
tion with welding should not be dis- 
missed more especially as the additional 
cost cannot be a considerable item. 

The other methods of reducing weight 
that have been adopted, such as lighter 
wood fitments and special light designs 
of individual parts, can be adopted with 
advantage, and the more so in this case 
because any increase in cost will not 
be a recurring item. 

As stated earlier, other welded D-train 
carriages are being constructed. by 
various firms to different designs. 
Figure 39 shows the side of a carriage 
of the design developed by the « Waggon- 
fabrik, Uerdingen-a/Rhein >; here again 
the design promises to result in com- 
prehensive reductions of weight. In 
this case also considerable use has been 
made of girders of box form (fig.-40). 

The German State Railways do not at 
present contemplate providing special 
heat insulation in the sides of welded 
carriages. Rather is it their intention 
to retain wood as the standard lining 
material, in view of its advantages as 
an insulation against both noise and 
temperature variations. 


2. New passenger vehicles on standard- 
gauge and narrow-gauge branch lines. 


Detailed particulars of the construc- 
tion of these vehicles, which are for the 
most part of the usual riveted design, 
will not be given. With the exception 
of the 900-mm. (2 ft.-11 1/2 in.) gauge 
vehicles, use has already been made of 
high-grade steel. Individual compo- 
nents have also been manufactured in 
welded design. Only in the case of the 
branch line stock of 6.20 m. (20 ft. 4 in.) 
wheel-base recently ordered from the 
« Maschinenfabrik Augsburg-Nurnberg > 
has welded construction been adopted 
on the same scale as in the light 8- 
wheeled corridor carriages that are 
being built by the same firm; it is being 
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Section A-B. 


Section C-D. 


Fig. 40. — Part of welded underframe, Waggonfabrik Uerdingen. 


employed in this case in order to reduce 3. Light steel motor coaches and trailers 
the weight as much below 15.0 t. (14.76 for use on main lines and branch lines. 


Engl. tons) as possible while retaining aint 
the existing standard of impact resist- These carriages were ordered concur- 


ance. rently with the development of the 
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welded D-train coaches and 8-wheeled 
corridor coaches, but the reduction of 
Ww eight has been carried further because 
it is a condition of their service that 
they are used only with similar vehicles 
to make up short trains, and consequent- 
ly there is no risk of large impact forces 
occurring. 

Rolled steel sections have been largely 
replaced by bearers built up of plate in 
these vehicles, from the 4-wheeled light 
motor coaches up to those for use on 
150-km. (93-miles) fast services. St 52 
steel has also been used for external 
panelling. The method of construction 
described in detail under (1) have been 
adopted for these carriages. 

Figure 41 shows a section through the 
side of a light 4-wheeled motor coach. 

In this vehicle, which was designed 
by the « Wumag », of Gorlitz, wood was 
at first retained for the roof covering 
with a view to reducing weight. For 
further contracts, however, the wood 
will again be replaced by steel as exper- 
ience has shown that no increase in 
weight results from the use of thin cop- 
per bearing sheet steel. 

The design of the underframe and 
body framework of the light 4-wheeled 
motor coach is shown in figure 42, and 
of the 175-H. P. 8-wheeled motor coach 
in figure 43. 


-4, New light carriages for the Berlin 
Metropolitan Railway. 


As already explained, two half-trains 
were built for the Berlin Metropolitan 
Railway in which extensive use was 
made of light metal. The object in view 
was to produce vehicles in which the 
lightest possible construction was com- 
bined with a rigidity equal to that of 
the existing steel carriages. The ques- 
tion of the material to be used and the 
most suitable arrangement were vitally 
affected by the high cost of material. 
With a price ratio of no less than 20 to 1 
the cost of light metal or light metal 
alloys cannot be reduced to less than 


five to seven times that of steel even 
though the weight of material used might 
be reduced to 1/3 or 1/4 of the corres- 
ponding weight for steel construction. 
The utmost economy in the weight of 
material used is therefore essential from 
the point of view of capital cost. 
Endeavour has therefore been made 
to avoid the use of castings for all parts 
except those of complicated shape, and 
for simple parts to use high-grade rolled 
metal instead of cast aluminium; in this 
way a saving of up to 50 % is obtained. 
The reduction in cost depends upon the 
extent to which economies can be effect- 
ed in working the material and in wa- 
ges. Even if the manufacturing costs 
outweigh the difference in price, the ad- 
vantage still remains of a weight that is 
less than one-half that of castings. This 
result is due to the fact that larger 
masses of cast material (silumin) are 
required than of rolled material on ac- 
count of its lower strength, and the ne- 
cessity of maintaining a minimum thick- 
ness of 3 to 4 mm. (1/8 to 5/32 inch). 
Due to the reduced weight, is is worth 
while to use rolled metal also for win- 
dow frames and doors although cast 


metal could be used for these parts. The 


simplest method of producing the sec- 
tions required is to bend them cold out 
of sheet. If the material is too brittle, 
the sections can be bent, rolled or drawn 
under heat and afterwards re-annealed. 


In using light metal as the construc- 


‘tional material, silumin is to be looked 


upon as the equivalent of cast iron, but 
apart from its lower weight it presents 
the advantage that it can be rolled and 
that bars produced in this way can be 
satisfactorily bent at a comparatively 
low temperature. 

In deciding upon the shape of the 
bearers special attention has to be given 
to reducing the quantity of the expen- 
sive light metal to a minimum, and up 
to a certain point it may be profitable 
to increase the amount of work put into 
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the manufacture. For example, it may 
not be desirable to use simple U or angle 
sections as such, on account of their 
lack of rigidity, but to arrange these sec- 
tions to form a hollow box-type of 
member. Since bearers of pressed or 
bent construction, owing to their shape, 
usually fail by buckling at some point, 
the removal of this risk is a deciding 
factor, particularly as the modulus of 
elasticity of the light metals is only 1/3 
of that of steel and the resistance to 
buckling may also fall in the same ratio. 
It is for this reason that sections of ro- 
bust shape should be employed when 
using light metal or light metal alloys. 
For reasons of safety, those parts of 
the light-metal suburban vehicles that 
are highly stressed are still made of steel 
(Si-steel, St. 37 (23.5 Engl. tons per sq. 
inch), St. 42 (26.7 Engl. tons per sq. 
inch) and St. 48 (30.5 Engl. tons per sq. 


inch), although theoretically this compo- 


site construction is undesirable in view 
of the diverse characteristics of the two 
classes of material. In a framework that 
is statically indeterminate, this leads to a 
transference of load from the light metal 
to the steel parts, so that special care 
needs to be given to this point when 
working out the design. 

When making the calculations the 
most important factor is the influence 
of fatigue. The maximum permissible 
fatigue stress is defined as the limiting 
stress that can be repeated at any time 
without leaving any permanent deforma- 
tion. In the case of Lautal this limit is 
approximately 15 to 17 kgr. per mm? (9.5 
to.10.8 Engl. tons per sq. inch). 

In constructing the carriages two light 
alloys were used for the most part, Lau- 
tal for the framed members and interior, 
and Silumin (Alpax) for parts that were 
cast. 

Lautal has a composition of 94 % Al, 
4 % Cu and 2 % Si. It is suaranteed to 
have a breaking strength of 30 to 38 kgr. 
per mm? (19.0 to 24.1 Engl. tons per sq. 
inch) and an elongation of 18 to 25 % 
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Fig. 41. — Side of 100-H.P. light 4-wheeled 
motor coach, Wumag, Gorlitz. 
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Fig. 42, — Body framing of 100-H.P. light motor coach. 


The elastic limit lies between 19.0 and 
20.5 kgr. per mm? (12.0 to 13.0 Engl. 
tons per sq. inch) with a residual ex- 
tension of 0.2 %, 

The strength of Lautal sheet may be 
as much as 42 kgr. per mm? (26.7 Engl. 
tons per sq. inch) with an elongation of 
about 20 %. 

Silumin (Alpax) consists of 86.5 % Al, 
13.0 % Si, with up to 0.5 % Fe as an im- 
purity. 

The materials used for the individual 
parts of the light-metal carriages are : 


a) Steel: 


Bogies. 
Main longitudinals of underframe. 


Main cross-bearer of underframe. 
Buffer beams. 


b) Light-metal alloys : 


Body framework. 

Central cross-bearer of underframe. 
Light apparatus supports of underframe. 
Cable ducts in underframe. 

External panelling. 

Roof covering. 

Interior panelling (of one half-train). 
Partitions. : 
Window frames. 


’ Seat supports. 


Luggage rack supports (silumin). 
Luggage rack tubes. 


nt 


Fig. 43. — Body framing of 175-H.P. light 8-wheeled motor coach. Wumag, Gorlitz. 


Fig. 44. — Interior of light-metal metropolitan carriage constructed by Linke-Hofmann-Busch. 
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Commode handles. 

Grip handles. 

Sliding doors (partly cast Silumin; part- 
ly sheet Lautal). 


c) Plywood : 


Interior roof covering. 
Interior panelling (of one half-train). 


The thickness chosen for the sheets 
was from 2 mm. (5/64 inch) up to 6 mm, 
(15/64 inch) or more; special rolled sec- 
tions of Z, U and L form were used for 
the frame. For the rivets and bolts light 
metal has also been used up to the pre- 
sent, whilst for rivets connecting two 
different classes of material, steel has 
been used by one firm and Lautal by the 
other. To prevent corrosion the surfaces 
of iron and Lautal, where in contact, 
and of course the rivets, have been coat- 
ed with a non-acid oil paint. 

Experiments have shown that metric 
screw-threads are not suitable for light 
metal because threated parts made of 
this material easily become loose, and 
the thread easily strips. It was therefore 
necessary to choose a coarser thread. 
Screws made of Lautal are smeared with 
grease in order to avoid risk of breakage 
when they are withdrawn. 

Rivets are used for most of the joints. 
No use was made of autogenous or arc 
welding since the mechanical and chem- 
ical properties of welds in light metal by 
these processes are much too poor; in 
order to ensure that such joints will sa- 
tisfactorily withstand the effects of con- 
tinued vibration they must be carefully 
hammered, and this is hardly possible 
for the class of work in question. 

To ensure that the Lautal Trivets are a 
good fit after they are closed the holes 
are made only 0.2 mm. (1/128 inch) 
larger than the diameter of the rivets. 
As against the practice adopted in the 
steel vehicles, the number of rivets is 
made large and a comparatively small 
diameter chosen with the object of ob- 
taining good contact everywhere for re- 


sisting the reaming pressure. The pitch 
of the rivets depens upon he magnitude 
of the forces and varies from 2 1/2 to 3 
times the rivet diameter; the distance of 
the rows of rivets from the edges is from 
1.6 to 1.8 times the rivet diameter. 

The sides are designed essentially as 
framed structures, They are strengthened 
near the doors by special frame pieces 
because of the considerable compression 
and shear forces at these points, where 
of necessity the main framework has to 
be interrupted (fig. 44). 

The external sheating is of 2 mm. 
(5/64 inch) Lautal sheets like. the roof 
covering. To prevent any bulging of the 
sides due to the horizontal forces they 
are well supported by constructing the 
half-partitions at the entrances so that 
they assist to stiffen the body. The 
partition is of 2-mm. (5/64 inch) sheet 
and is joined to the door frames at the 
edge. 

Figure 45 shows a section through the 
upper part of the Linke-Hofmann-Busch 
carriage. Wegmann have introduced an 
upper flange that consists of two [ sec- 
tions joined together (fig. 46). 

Figures 47 and 48 show further cross- 
sections of the main girder of the carri- 
age supplied by Wegmann. 

Plywood is used for the inside panel- 
ling in the Linke-Hofmann-Busch carri- 
age, and Lautal sheet in the Wegmann 
vehicle. 

In the third class compartments the 
panelling is faced with linoleum up to 


.the horizontal sills for the window 


openings. The upper part has a grained 
oak finish. In the second class accom- 
modation the lower part is covered with 
fabric and the upper part has a maho- 
gany finish, All the panelling material 
has its inside surface covered with linen 
for the purpose of heat insulation. 
Some of the doors were constructed of 
Silumin. castings, and others of riveted 
Lautal sheet. The riveted construction 
is both lighter and cheaper than the cast 
design, and has proved satisfactory in 


eR 
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service; it will therefore be adopted for 
the new Metropolitan carriages (Wann- 
see line) now in hand and also for any 
replacements (fig. 49). 

Wood is used for the floors, as in the 
case of the steel suburban carriages. 

The light-metal carriages are painted 
in tthe same way as the steel carriages. 
In order to ensure a satisfactory ground- 
work it was necessary to roughen the 
outer surfaces of the sheet panelling; 
this was done partly by sandblasting and 
partly with sand paper. 

No difficulties were met with in bend- 
ing and shaping the sheets in the work- 
shops. The bending of the section ma- 
terial was more difficult as in most cases 
it had to be done by hand. The thin 
sheets were bent cold; the thicker sheets 
and the sections could be bent hot at a 
temperature of up to about 450° C. (842° 
F.), To avoid excessive distortion re- 
peated annealing was carried out by 
means of a current of air. 


It was found necessary to use a much 
increased speed for drilling. For cutting 
sheets and sections it was possible to use 
wood saws up to a thickness of 15 mm. 
(19/32 inch). 

All riveted joints and surfaces in con- 
tact were coated with non-acid white 
lead in order to render them impervious 

to water or acid of any kind, especially 
the sulphur-laden products of combus- 
tion from coal. 


The electrical equipment, the buffing 
and draft gear and the brake equipment 
have been kept the same as in the light 
steel carriages. 


The saving in weight on a train of 
8 carriages, as compared with the light 
steel vehicles, can be taken as about 
11.5 %. It may be possible to improve 
on this when light metal or light alloy 
has been substituted more completely 
for parts that have still been made of 
steel, On the other hand, it will also be 
possible to effect noteworthy reductions 
of weight in the steel metropolitan car- 


riages, by substituting welding for rivet- 
ing and using high-grade materials. 
The contract price, which does not 
represent the whole of the actual expen- 
diture incurred, is about 60 % greater 
than for the steel type of construction. 
This prise is, however, a poor basis of 
comparison, since the carriages had to 
be built as individual units, whereas the 
manufacture of the steel wagons was 
fully developed on a quantity production 
and interchangeability basis; moreover, 
several of the experimental designs con- 
tribute largely to increasing the cost. It 
may be assumed that the manufacture of 


* a whole class of the vehicles would re- 


sult in a lower cost, more especially if 
there is a fall in the cost of materials. 
The carriages have now been put into 
regular schedule service, after having 
been thoroughly tested in respect of ade- 
quate strength. It is not yet possible to 
come to any final conclusions as to the 
serviceableness of light metal carriages. 


Holland and her Colonies. 


In their new carriages of all-metal 
construction, the Netherlands Railways 
use steel for the body, underframes and 
bogies. The girders are built up of stan- 
dard rolled section. Special sections and 
pressed sheet have not been employed. 
Cast steel is used for the axle bearings 
and guides, for the swing bolster bear- 
ing pieces and the spring supports of the 
bogies; on the other hand, no use has yet 
been made of light metals of light alloys. 

Sheet steel is employed for the outside 
panelling; sheet metal and wood are 
used for the inside with a covering of 
pegamoid or fabric, and the partitions 
are constructed in a similar way. The 
floors are of wood and Celotex, covered 
with felt and linoleum; this construction 
gives good heat insulation and reduces 
noise. ae 

Sheet metal is used for the roof. 

The only heat insulation in the sides 
is that given by the air space between 
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Fig. 45. — Top flange construction 
in the light-metal metropolitan carriage, 
Linke-Hofmann-Busch. 
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Fig. 46. — Top flange construction in the light 
metal metropolitan carriage of Wegmann, 
Cassel. 


the inner and outer coverings. 
is used also for the insulation of the 
roof. 

Formerly the steel plates were united 


Celotex . 
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Fig. 47. — Web construction 
(Wegmann). 


Fig. 48. — Bottom flange construction 
(Wegmann). 


by riveting. The new passenger vehicles 
just completed have been electrically 
welded. Spot welding has been employ- 
ed in addition to arc welding. No spe- 
cial measures have been adopted to pre- 
vent distortion or bulging in the neigh- 


-bourhood of the welds. As an experiment 


welding has been employed in 50 car- 
riages (express passenger carriages and 
express luggage vans), and the decision 
as to the retention of welding for the 
new vehicles will depend upon the ex- 
perience obtained. 

No reduction in weight has resulted 
from the use of welding. 

In their vehicles of all-metal construc- 


tion, the Dutch Indies State Railways — 


and Tramways have also used standard 
sections for the girders and copper bear- 
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ing sheet steel ( 0.2 to 0.3 % Cu) for the 
exterior panelling. Sheet iron has been 
used for the inside roof covering of the 
passenger vehicles. In the goods vehicles 
the roof is of wood covered with rubber 
sheeting (leadrubber No. 3); in the other 
vehicles the covering is of copper bear- 
ing sheet iron. The bodies and bogies 


Fig. 49. — Riveted light-metal door. 
Wegmann, Cassel. 


are of riveted construction utilising the 
usual rolled sections. 

The interior panelling is also of sheet 
iron, but wood is used for the partitions. 
The two layers of boards for the double 
wood floor are both tongued and grooy- 
‘ed; the boards are laid transversely. The 
floor of the lavatory compartment is lin- 
ed with sheet lead 4 mm. (5/32 inch) 


thick, and this in turn is covered with 
bitumen. 

The wood roof of the goods vehicles 
has an inside lining of 3 mm, (1/8 inch) 
sheet iron which is shaped to suit the 
wagon structure and forms an intrinsic 
part of the anti-telescoping construction. 
All other vehicles are fitted with a dou- 
ble sheet-iron roof, the inner sheets be- 
ing of 1 mm. (3/64 inch) thick material. 
The sheets used for the exterior contain 
copper. 

Ventilation is provided by « Airvac » 
ventilators by the Honeypot Works, Dar- 
lington. 

The steel parts are united by means 
of copper bearing rivets (0.2-0.3 % Cu), 
whilst the roof sheets are electrically 
welded to the carlines, 

The management is of the opinion that 
the use of welding for all passenger 
stock in place of riveting is an advan- 
tage, even though no appreciable saving 
in weight is obtained thereby. 

No use has been made up to the pre- 
sent of light metals. 


Rumania. 


The Rumanian Railways have no new 
vehicles under construction or in pro- 
cess of development. In the existing 
rolling stock, the bodies, underframes 
and bogies are for the most part of 
rolled sections. Less use is made of- 
pressed sheet parts because this manu- 
facturing process has not yet been de- 
veloped in that country. 

Light metals are not used in building 
these vehicles. 

Sheet steel is used for the exterior 
panelling, and wood for the interior in- 
cluding the partitions and the floors. 
The roof is of wood covered with com- 
position and sheet copper. 

Adequate heat insulation is provided 
by the interior wood panelling. 

The steel portions are united by ri- 
veting. The administration of this rail- 
way is in favour of welding and pro- 
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poses to introduce it in the construction 
of all future vehicles. 


Sweden, 


The Swedish State Railways use stan- 
dard sections in their all-metal passen- 
ger vehicles; pressed steel parts are the 
exception, 

Up to the present no use has been 
made of light metals or light alloys in 
building passenger vehicles, Sheet steel 
is used for the exterior panelling. The 
space between the inner and outer cov- 
erings of the sides is filled with a ma- 
terial of American origin <« Balsam 
wool >, manufactured by the Wood Con- 
version Co., of Chicago. As an exper- 
iment « Alfol » (light metal foil) is also 
being used in some carriages. 

The wooden floor is of double con- 
struction with a layer of cork between. 

Steel is employed for the exterior of 
the roof, and wood for the interior. 

Riveting is used almost exclusively 
for uniting the steel portions. A few 
joints have been welded by the auto- 
genous or electric process. No saving 
of weight has been effected by the use 
of welding. 


B. — GOODS VEHICLES. 


Germany. 


I. Ordinary goods wagons. 


The German State Railways do not at 
present contemplate the use of steel con- 
struction for ordinary goods wagons, be- 
cause these simple vehicles would. be 
heavier and more expensive, and diffi- 
culties would arise in the securing of 
certain classes of freight. At one time 
a number of all-steel open wagons were 
built, intended principally for transport- 
ing coal. 

Steel wagons represent 6 % of all the 
available goods vehicles. 

The all-steel vehicles were manufac- 
tured as far back as 1893 to 1924. The 


rolled sections and sheets that were used 
correspond generally to the St 37 ma- 
terial that is now general. 

Steel with a copper content, or other 
steel alloys intended to prevent or re- 
duce rusting have not been used in the 
construction of ordinary goods wagons, 
neither has any special rust-resisting 
paint been employed. 

The underframes are painted with a 
coat of red lead, an oil-colour ground 
coat, and a glossy colour coat. Recently, 
as an experiment, layers of impregnated 
jute and strips of bitumen roof felt have 
been applied to the top flange of the 
girders so as to project on both sides. 

Use has not been made in the build- 
ing of goods vehicles of the metal-spray- 
ing process, or any other process of 
metallic protection against rust. Exper- 
iments with various spraying processes 
have not given satisfactory results, par- 
ticularly in view of their expensive na- 
ture. 

The only covered all-metal goods ve- 
hicle to be considered is the hinged- 
cover or lime truck in which no special 
consideration has to be given to pro- 
tection against heat, or the draining 
away of condensation. 

The steel parts of the underframe are 
united by riveting. Welding processes 
have not yet been introduced generally 
for ordinary goods trucks. A final ans- 
wer to the question of whether welding 
can replace riveting in all vehicles of 
the all-metal type, and whether and to 


. what extent reduction in weight can be 


effected thereby, can only be arrived at 
by exhaustive experiments. With this 
in view designs are being worked out 
to suit the special technique of weld- 
ing processes. 


II. Bulk-material wagons for coal, coke 


and ore, earth-tipping and _ ballast 
wagons. ‘ 


Large wagons for transporting ma- 
terial in bulk, that are constructed for 
self-emptying, and the smaller self- 


51. —- Self-discharging grain 


wagon. 
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Fig. 52. — Self-discharging mineral wagon. 


emptying wagons are used only for the 
transport of freight that can be shot. 
All vehicles of these types are of the 
all-metal design. 
for such vehicles, since the special 
shape of the self-emptier usually renders 
it essential to employ steel, and wood 
is subjected to too much wear and tear 
especially if the usual modern practice 
is in use of loading by machinery; the 
bulk material is then delivered from 
above and the vehicle receives the im- 
pact of a large mass of material. 

By employing steel, increased space 
is available, and therefore a greater load- 
ing capacity. 

Wagons of all-metal construction are 
very stable since the plates forming the 
body are designed to carry some of the 
stresses as well. Although of lighter 
construction, they are therefore well 


Wood is not suitable . 


adapted to withstand the severe stresses 
of loading and unloading; this is all 
the more important in view of the fact 
that with self-unloading vehicles, load- 
ing and unloading occur at much shorter 
intervals. 

The number of steel large-capacity 
wagons, hopper wagons,. ballast wagons 
‘and earth-tipping wagons is 0.4 % of 
the total number of goods vehicles. 

The main considerations to be kept 
in view when building these all-metal 
wagons are as follows : The permissible 
axle load and the maximum loading per 
unit length have to be utilised as fully 
as possible, and the maximum useful 
space has to be obtained for bulky ma- 
terials within the gauge limits of the 
wagon profile. 

For the main steel parts (plates and 
girders) of bulk-material wagons, St 37 
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St 52. Small capacity self-discharging 
wagons up to about 20 tons and all the 
ore wagons built hitherto are, however, 
constructed of St 37. The St 52 that is 
now used has a copper content of at 
least 0.25 %. 

Four kinds of St 52 are used in the 
construction of the wagons, the precise 
compositions of which are left to the 
suppliers; the four varieties are : 


a) Chrome-copper steel; 

b) Manganese-silicon-copper steel; 
c) Molybdenum-copper steel; 

d) Maganese-copper steel. 


Red lead is used for the first coat. No 
special paints are used for protection 
against rust. 

In this case also there has been no 
adoption of metal-spray processes for 
giving a metallic protection from rust- 
ing. 

No heat insulation is necessary in 
these wagons. Formerly the separate 
steel parts were united by riveting, but 
now. electric-arc welding is also used. 
Welding is employed at all joints, and 


appears to be successful as a substitute- 


for riveting. The experience obtained 
up to the present justifies the assump- 
tion that a saving of some 5 to 10 % 
in weight can be obtained by means of 
welding, according to the particular de- 
sign. 


Holland and her Colonies. | 


The Netherlands Railways have not 
yet come to a decision on the question 
of building goods wagons of the all- 
metal type. Nevertheless, they intend, 
as an experiment, to weld some large 
coal all-metal wagons. Their reason for 
_ taking this step is stated to be the re- 
duction of maintenance costs, and the 
possibility of saving weight. 


The number of steel coal wagons of 
older design is 3.1 % of the whole of 


the freight wagons. 


In the majority of these wagons, steel 
is used for the underframes, body frame 
and body; wood is used for the body 
frame only in a few of the older ve- 
hicles. 

The Dutch Indies State Railways and 
Tramways, Bandoeng, intend to employ 
ali-mmetal construction for all their goods 
wagons, by reason of the economy and 
durability of such vehicles. In future 
sheet metal will be used for the floors. 

No all-metal goods wagons have yet 
been put into service, however. It is 
anticipated that they will prove simpler 
and cheaper. 

Rolled sections and sheets are used 
for the chief portions of the wagons, but 


‘no copper bearing steel is used. 


A red-lead paint is used to give pro- 
tection against rust. Metal spraying pro- 
cesses have not been introduced. No 
heat insulation is necessary in these wa- 
gons. 

The steel parts are joined by riveting 
and also by electric-arc welding. 

The railway authorities consider that 
welding can be substituted successfully 


-for riveting, especially for the joints in 


the body. They do not think that any 
considerable saving of weight will re- 
sult, and estimate this as 100 ker. 
(220 Ib.) at the most. | 


Sweden. 


The whole of the wagons used by the 
Swedish State Railways for transporting 
iron-ore have been built of steel for 
40 years past and there is no intention 
of departing from this method of con- 
struction. In addition to these mineral 
wagons, they have some special open 
wagons also of steel, for the transport 
of transformers, boilers, etc. 


The reason given for building all- 
metal wagons is that wood is subject to 
too rapid deterioration. 

Standard sections are used in build- 
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ing the all-metal wagons. The usual 
mixture of red lead is employed as pro- 
tection against rust.  Metal-spraying 
processes have not been introduced. 
No all-metal covered wagons are built 
in Sweden, and consequently no ques- 


tion of heat insulation has had to be. 


considered. 
Riveting is still used for uniting the 
various steel parts. Some little exper- 


ience has now been obtained with weld- 
ing. 
* 
* % 

In concluding this report I should like 
to express my gratitude to all the Rail- 
way Managements, and Rolling Stock 
Builders who have so willingly placed 
at my disposal their experience in the 
development of all-metal construction. — 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 
{2th SESSION (CAIRO, 1933). 


QUESTION XI: 


Competition between or joint working of railways 
and airways, or railways and roadways. 


An investigation from the technical, commercial and contractual 
points of view. 1) 


REPORT No. 2 
(All countries except America, Great Britain, Dominions and Colonies, 


China and Japan), 


by F. P. VILLAMIL, 


Chef de la Division commerciale, North of Spain Railways, 
and E, D’OCON-CORTES, 


Ingénieur au Service commercial, Madrid-Saragossa-Alicante Railways. 


The Permanent Commission of the 
Association considered it desirable to in- 
clude among the questions to be dis- 
cussed at the next Session of the Railway 
Congress at Cairo in January 1933, the 
following thesis : 


« Competition between or joint work- 
ing of railways and airways, or railways 
and roadways. —- An investigation from 
the technical, commercial and contrac- 
tual points of view. » 


The countries belonging to the Asso- 
ciation were divided up, for the consi- 
deration of this question, 
groups, and we were honoured by being 
asked to report on the question as re- 
gards the following countries : Germany, 
Belgium, Bulgaria, Denmark, Egypt, 
Spain, Finland; France with her Colonies 
and Protectorates; Greece, Italy, Luxem- 
burg, Norway, Holland and Portugal and 

their Colonies; Rumania, Sweden, Swit- 


into two - 


zerland, Czechoslovakia, Turkey and Ju- 
goslavia; we also requested the Organisa- 
tions belonging to the Association to 
send information on this question. 

With this object in view, we prepared 
a Questionnaire, which we sent to all 
member administrations in the countries 
indicated above, grouping on the one 
hand all points relative to the regulations 
governing the relations between the rail- 
way and the automobile, and on the other 
hand those concerning the relationship 
between railway and airway. 


Railway and automobile. 
General considerations. 


The extraordinary importance that the 
question of road motor transport has for 
the railways is generally known; it can 
even be said to be at the present time a 
factor of the greatest interest whilst 


(1)-Translated from the Spanish. 
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through the conjunction of special inhe- 
rent circumstances it is not only very 
complex, but at the same time most inde- 
terminate. 

From an examination of the replies 
to the questionnaire issued with the ob- 
ject of collecting the necessary informa- 
tion so as to be able to judge of the state 
of the subject in each country, it appears 
that everywhere this question causes the 
most serious preoccupation; solutions to 
the problem are being sought for every- 
where, but a really good one has not yet 
been found. The measures that have 
been taken have shown themselves to be 
but palliatives of a more or less general 
character; but the essence of the pro- 
blem still exists. 

The competition of the road motor 
forms what doctors call a general infec- 
tion, and consequently one upon which 
it is difficult to operate. When the ill 
is localised and the competition reveals 
itself in a precise manner over a given 
line, it is possible to cure it in most 
cases; what is difficult is to find a gene- 
ral formula applicable to all cases; each 
case requires its own remedy. 

When this competition first began to 
be appreciable, in 1926, the railway ad- 
ministrations endeavoured instinctively 
to meet it by their own resources; they 
soon found, however, that there was a 
fundamental factor with which they 
could not deal, a factor which was, how- 
ever, so important that it formed the 
‘root cause of the competition and inevi- 
tably involved the intervention of the 
public authorities. 

When considering the history of rail- 
ways from the beginning their impor- 
tance and their considerable influence 
on the life of the nations from their 
introduction will be observed, this im- 
portance and influence standing out 
much more clearly than in the case of 
the automobile at the beginning of its 
industrial development. 

From their very beginning, railways 
were recognised as having the character 


of a public service and as being practi- 
cally a monopoly, as there did not exist 
any possible competition with this me- 
thod of transport; the operation of the 
railway was therefore regulated by sub- 
mitting it to restrictive legislation under 
the permanent control of the State. 

The automobile at first took the place 
of horse vehicles and had its function 
been limited to the role assigned to such 
vehicles, no special problem would have 
arisen for the railways. In time, how- 
ever, the motor vehicle extended its 
sphere of activity and at a certain mo- 
ment began to trespass on the railway 
field and compete with it, as in no 
country had the Government foreseen 
its present development and the conse- 
quences thereof. That this competition 
was able to establish itself was due above 
ali to this lack of legislation. 

The railways had been obliged to 
build their own lines; the Governments 
have always considered among their 
ineludable duties the construction and 
maintenance of ordinary roads. Theore- 
tically any transport could be carried 
out over these roads which also could be 
freely used whatever might be the dis- 
tance to be covered, but in practice their 
field of action remained extremely li- 
mited. 

The various orientations of political 
ideals had their repercussion during ma- 
ny years on the conception of the power 
of the State as regards the construction 
and maintenance of the ordinary roads; 
at certain times tolls were enforced and 
at others these were suppressed and only 
duties of an industrial nature were 
required of the horse traction; but the 


maintenance of the ordinary road was 


always considered as incumbant on the 
State. 

The automobile ont the roads alrea- 
dy made; there was no obstacle and no 
limitation to its use as regards industrial 
transport and it soon developed enorm- 
ously. 

While the railway has always had t the 


\ 
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character of a large industrial under- 
taking, the automobile on the contrary 
acquired from the start a definitely indi- 
vidualistic character. 

This in itself made it very popular 
and created an immense number of pri- 
vate interests, most of which were for 
the individuals concerned their prin- 
cipal means of livelihood. Industrially 
it represented a stimulus and it was 
relieved from the point of view of social 
legislation from certain restrictions, in- 
cluding legal restrictions. We know of 
many cases of whole families consisting 
of eight to ten persons operating a motor 
service and who, apart from the direct 
interest they give to working the service, 
do not comply with the requirements 
relative to the legal working day nor to 
the maintenance of the vehicles and 
while acting as trade representatives, 
even go as far as to act as intermediaries 
as regards banking operations. 

The railway administrations having 
had recourse to their respective States 
for help and protection by means of 
legislation equalising these conditions of 
existence of the two methods of trans- 
port, the said States could only deal 
with this in two ways: either by impos- 
ing direct or indirect taxes on the road 
transport undertakings, or by relieving 
the railways thereof. 

The first system was and still is. unpo- 
pular, just because of the private nature 
of the road services; the second was 
contrary to the interests of the State 
itself. 

In all countries the railways form, for 
the State, a source of revenue easily col- 
lected at little cost, and one which the 
revenue department can handle with 
sureness. : Snes 

The imposition of high taxes on road 
vehicles involves the organisation of a 
new revenue control, which is always 
difficult and costly. 

To this question the whole of the Ad- 
ministrations consulted have replied un- 
animously. Leaving on one side the ma- 


nifestly unequal conditions under which 
the railways have to meet motor compet- 
ition, owing to the costs which the res- 
trictions imposed in the clauses granting 
the concession of the lines involved the 
railways in charges which do not bear 
on the operating costs of the road motor 
services, the unjust proportion between 
the transport tax, which falls almost ex- 
clusively on the railway operators, while 
usually this tax does not apply to goods 
transport by road, and in a few cases 
that of passenger traffic, although these 
transports are much less important than 
by railway, must be mentioned. 

As regards the rates, their lack of elas- 
ticity with regard to the railways, is 
known, even when the rates are being 
lowered. The operator of a road motor 
service alters his rates in most cases at 
will, or else is not obliged to make them 
known more than a few days in advance 
when it is a question of passenger ser- 

ices, and thus avoids all hindrances le- 
gally imposed on the railways in this 
respect. 

As an exception the case of Finland 
must be mentioned, as in this country 
the rates of the automobile services have 
to be checked by the competent authori- 
ties in the same way as the railway rates 
have to be checked by the Ministry. 


At tthe present time there are road 
transport undertakings which have al- 
ready lost the individualistic or family 
character, but they are still few in num- 
ber relatively to the total road motor 
traffic, and in addition they have in no 
case become as yet of really great im- 


‘portance. 


Taking everything into account, it is 
extremely difficult to estimate the da- 
mage caused by road motor transport to 
the railways, seeing that this competition 
is domestic and that its development has 
coincided with the world wide econo- 
mic crisis which has so heavily weigh- 
ed upon the financial results of the rail- 
way administrations, 

Moreover, the topographical condi- 
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tions of the countries, as well as the 
greater or smaller number of large 
centres of production and consumption 
have also influenced to a greater or les- 
ser extent the intensity of this compet- 
ition. 

This last factor is, in our opinion, of 
the greatest importance as since they 
have been exploited industrially, the 
road motor services, as is only natural, 
have endeavoured to find the most 
simple methods of obtaining profits and 
start to work not over new roads but 
on roads already existing and served by 
the railway. 

In all cases the competition shows 
most clearly that the rates which have 
been used by the road motor services 
have always been based on those of the 
railways for the same distances, by 
slightly altering them, the essential con- 
dition to compete with the railways 
being to draw a good profit from the 
automobile in the two directions. 

In order to be sure of the vehicles 
being loaded in both directions, the traf- 
fic between the two points served by the 
road motor must be reciprocal and of 
considerable volume; if this is not so, 
the road motor service will not pay. 
Thus the competition has been felt most 
seriously in those countries which have 
a large number of industrial centres ma- 
nufacturing different products which 
are used on a large scale, and which 
demand the exchange of materials in 
considerable quantities. 

Another important circumstance bear- 
ing on this question is that of the capa- 
city of the railway as compared with 
that of the road motor vehicle. If we 
make a rational choice of values rela- 
tive to the capacity of a road motor 
vehicle as compared with that of a rail- 
way train it can be said that the ratio 
of these capacities in the case of goods 
is approximately 1: 75; in the case of 
passengers this proportion falls consi- 
derably, but always remains higher than 
1: 20, and it is clear that under these 


conditions the road motor services will 
take the parcels traffic and traffic of 
small tonnage, but cannot function if 
obliged to deal with large volumes of 
traffic. 

On the other hand, if the direct costs 
of transport are considered at a given 
moment, only taking into account the 
train-kilometre cost, as compared to that 
of the automobile-kilometre, there is a 
relation between these values, when se- 
lected in a rational manner, of the order 
of 1: 3. If we consider the value of the 
rolling stock of the train and compare it 
to an automobile, by getting out the rela- 
tionship which exists between the pe- 
riods of amortization required by the 
nature of one and the other stock, we 
come to the conclusion that the ratio of 
the cost of the train-kilometre to that of 
the road motor-kilometre, including the 
amortization of the rolling stock forming 
the train and the automobile, is of the 
order of 1: 6; comparing this ratio to 
that of the capacities, we see that it 
is possible, leaving aside all other con- 
siderations, to obtain, in the case of 
the railways, a much lower price of 
transport than that by road. If provi- 
sion were made for the maintenance and 
for the construction of the track both 
for the railway and the road motor, the 
competition of this latter with the rail- 
way would be difficult. As regards the 
track, it is a question not only of what 
we may call the open road but equally 
of other installations. The road motor 
uses the public highways and _ utilises 
them for standing grounds which enables, 
it to offload goods and passengers at any 
building. This means in the case of the 
road motor that this form of transport 
has the advantage resulting from saving 
the costs of constructing its own build- 
ings and enables it to convey goods from 
door to door. 

In addition, the general charges of the 
railways must also be taken into account 
as these remain nearly constant between 
certain limits of the traffic. 
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These traffic variations in the case of 
the railways are very great whereas in 
the case of the motor services they are, 
in comparison with the former, very 
small, i. e. the road motor vehicle with 
a very small tonnage earns the money 
necessary to meet the general costs, 
whereas in the case of the railway the 
traffic has to be heavy to do so. 


Moreover, there is no doubt that the 
motor services have altered very pro- 
foundly the fundamental principles of 
railway rates : that of the differentiation 
of rates according to the value, and that 
of the rate depending on the speed of 
transport. The road motor, when car- 
rying goods, makes out its contract with 
complete liberty : most often it deals 
with the weight, at other times with the 
volume. In one case as in the other, the 
indemnity for damage is independent of 
the carriage itself and is covered by a 
special insurance; the price of the car- 
riage is therefore independent of. the 
value of the goods. 

As regards speed of conveyance, the 
reasons for the difference between ex- 
press and slow goods do not exist in the 


case of the road service; what interests—- 


the latter is to carry out the journey as 
quickly as possible so as to use the 
vehicle to the best advantage; it prefers 
to make the largest possible number of 
journeys with less profit per journey 
than to work fewer journeys at a higher 
rate. 
Most Administrations consulted have 
not been able to divide up the informa- 
tion relating to the receipts the road mo- 
tor transport undertakings obtain from 
their services. In certain cases in which 
such data can be estimated it is at once 
seen that the amount of these receipts 
has to be considered, seeing that there 
are quite a number of firms only able to 
meet their overhead costs with difficul- 
ty, and that there are many who ought to 
give up operating as they are making 
no profits. 


Situation and extent of the competition. 


The general impression is that com- 
petition tends to increase, especially as 
regards passenger traffic, although ge- 
nerally limiting itself to narrow areas. 
As regards goods traffic, the activity of 
this traffic does not develop so rapidly; 
nonetheless in most countries it is ex- 
pected that the ill will be aggravated 
increasingly in the near future. 

Nearly all the Administrations who 
have answered the questionnaire appear 
to find it difficult to calculate the pro- 
portion in which the competition of the 
road affects the railway traffic. This is 
especially due to the fact that the dimi- 
nution of receipts, in recent years, of 
most undertakings due to the falling off 
of traffic is closely connected with the 
financial crisis affecting world produc- 
tion, this latter being the principal fac- 
tor which is restricting the normal de- 
velopment of the railway industry. 
There are countries, however, where it 
is clearly proved that certain traffics 
carried to-day by road motor have been 
taken from the railway and the result 
has been a deficit in’ the receipts of 
these Companies. 


Passengers. 


As regards passenger traffic, Germany 
quotes a figure of 250 millions of Reichs- 
mark per annum. Belgium calculates 
the number of passengers the road mo- 
tors have taken from the railway as 
80 000. In certain French Colonies and 
Protectorates in Asia and Africa, the 
number of passengers using the railway 
only represents 10 % of the passengers 
moving between towns in these coun- 
tries; finally in Switzerland the figure 


of passenger traffic has fallen off an- 


nually, as a result of this competition, 
by 10 million frances, i. e. 6 % of the 
total railway receipts. 

In Spain the two principal Companies 
estimate that they have lost 16.2 % of 
their passenger revenue. is 
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Goods. 


The consequences of the causes given 
above are that the receipts taken from 
the railway by the competition of road 
motor transport undertakings are always 
very difficult to determine; as a general 
rule it can be stated that the lorry car- 
ries the goodd which require the greatest 
speed or which most easily carry high 
prices. Generally it is a question of 
goods included in the highest rated rail- 
way traffic and as this competition 
grows its influence will be felt more 
markedly in the reduction of the rail- 
way revenue. Germany evaluates this 
falling off as being approximately equal 
to the loss in the passenger traffic. 
Sweden estimates that this reduction is 
approximately 25 % of the receipts in 
1929. In Denmark the proportion is 
16 %, and Switzerland considers that the 
annual receipts lost through goods traf- 
fic being carried by road is 20 to 30 mil- 
lion francs. 

In Spain the two principal Railway 
Companies calculate that the goods 
transferred to the road correspond to 
approximately 5.7 % of the annual 
amount of the corresponding receipts. 

On the other hand, there is no doubt 
that the growth of the automobile indus- 
try largely supported by the develop- 
ment of the road services brings the rail- 
way companies an increase in traffic by 
carrying the necessary materials. This 
is especially the case in countries where 
there is no such industry, seeing that the 
imports are carried by railway,and also 
by the far from negligeable traffic result- 
ing from repair and maintenance mate- 
rials, consumable stores, such as petrol, 
oil, pneumatic tyres, etc., although in no 
case is this traffic sufficient to make 
good the loss represented by the traffic 
taken away by the road motor services. 

As regards the feeder traffic which the 
automobile might bring to the railway, 
it is in most cases of little importance. 
Actually in most cases the services intro- 


‘ 


duced, whether for passengers or goods 
exist between places already served by 
the railway, as it is much easier and 
more profitable for undertakings dealing 
with this sort of work to take advantage 
of already existing traffic currents than 
to take the risk of working lines which 
would only serve to exchange goods and 
products between places not yet served 
by the railway. 

In some very rare cases only are fee- 
der lines established by private indivi- 
duals, not belonging to the railway, and 
when it is a question of setting up such 
services for competing with other lines 
working a service parallel to the railway, 
hut the traffic of which could be divert- 
ed partly back to the railway; the rail- 
way administrations must meet the lack 
of means of these undertakings, either 
by direct contributions at it is generally 
a question of a large number of small 
traffics, or by subsidising them as con- 
tractors of public services. 

Automobile services serving large cen- 
tres on a line parallel to the railway, 
although some little distance therefrom, 
can live by grouping together small con- 
signments in one lot; on the other hand, 
when it is a question of connecting each 
point to the nearest railway station, in- 
stead of a single line, as many lines as 
there are centres of population along the 
service parallel to the railway, although 
each of them has little traffic, must be 
Set up. . 


National interest of the question. 


The great complexity of the problem 
is at once apparent when the above cir- 
cumstances and considerations are taken 
into account. 


There is no doubt but that the automo- - 


bile has exceeded the rational limits of 
its activity relatively to the railway, but 
there is also no doubt that even suppos- 
ing that this were not so, and that this 


activity had remained within smaller li- 


mits, the competition against the rail- 
way would always exist. 
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It is also evident that the development 
of the road motor has completely upset 
the financial position of each country, 
and as it is undeniable that the road mo- 
tors cannot, at least for the moment, re- 
place in any way the railway, neither 
from the point of view of capacity and 
volume, nor from the point of view of 
price, the Governments have been oblig- 
ed to intervene in this question in the 
national interest. 

Moreover, the railways represent an 
enormous capital investment. They can 
be considered in each country as the in- 
dustry having involved the greatest first 
establishment cost, and their ruin would 
cause grave financial and credit com- 
plications in the countries. 

It is consequently a matter of national 
interest in each country for the State to 
intervene so as to introduce a just and 
prudent equilibrium in the legal condi- 
tions governing transport by railway and 
by road. Al the Countries are of this 
opinion and the question is being inves- 
tigated universally. 


Legislation. 


The legislative measures which result 
from studying this question are more or 
less radical, more or less efficacious, but 
everywhere at the present time special 
legislation has been introduced. If the 
question is examined from the point of 
view of the State, obviously the develop- 
ment of the road motor transport repre- 
senting industrial progress and which 
properly looked after can render great 
services to the national economy, cannot 


be« strangled. The Railway Administra- 


tions however must not hope for too 
much from the intervention of the Go- 
vernments, which can intervene by im- 
posing on the two methods of transport 
equal taxes, after taking into account the 
special circumstances of the construc- 
tion and maintenance of the respective 
roadways and, after distinguishing be- 
tween transport made exclusively in the 


private interests of a manufacturer, far- 
mer, Or any particular individual, and 
those which are carried out in the gene- 
ral public interest. It must be added 
that the Governments, to protect the rail- 
ways without killing the automobile ser- 
vices in cases where the latter’s exis- 
tence is justified, favour by means of spe- 
cial or less severe legislation the lines 
which are set up as feeders to the rail- 
way and prohibit or tax more heavily 
lines parallel to the railway; but all this 
will still not suffice to meet the compe- 
tition of the road motor vehicle with 
profit. 

It is certain that the evolution of the 
railways has taken into account the ne- 
cessity of their industrial development 
in the same way as the other industries 
desiring to adapt themselves to present 
conditions, and today the road motor 
vehicle, a real stimulant in this sense, 
has brought out more strongly the need 
for the railway to be organised in a 
more industrial and commercial manner. 

This transformation does not depend 
only upon the undertakings themselves : 
it also depends on the action of the 


_States, but the intervention of these lat- 


ter in this question should be of a total- 
ly different nature to that made to con- 
fine the road motor services within their 
proper sphere of action. We have in 
mind the necessity of having the legis- 
lation relative to ‘the railway modified 
by the States, in order to give more lati- 
tude to the Railway Administrations 
themselves. 

It is certain that any commercial un- 


dertaking should enjoy great liberty of. 


action. 

As regards the railway, very little pro- 
gress has been generally made in this 
matter. dn fact the principles which 
control railway legislation at the pre- 
sent time are the same as those which 
were in force when the lines were built; 
except for certain slight modifications 
in certain definite cases the fundamental 
principles have remained unchanged. 
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In view of the permanent character of 
the competition between the railway and 
the other methods of transports, it is on- 
ly just to arm the two with the same 
weapons. This does not mean that the 
railway should be transformed into an 
industry with complete liberty of action, 
but that the State control should be of 
a larger, more flexible, more rapid and 
more definite character. 

The drawbacks of the out-of-date fun- 
damental legislation controlling the rail- 
ways is more clearly seen in the case of 
main line railways than on the small 
lines. If a light railway in competition 
with a road motor service can resist this 
competition less successfully than the 
main railways owing to its smaller faci- 
lities, on the other hand, owing to ade- 
quate rating measures and to certain 
concessions, it is in a better position to 
take action over its whole system. 

On the contrary, a main line railway 
which is obliged to make general all its 
arrangements, no matter of what kind, 
can very often find itself obliged to 
grant concessions or special rates in 
zones in which motor competition has 
not made this necessary, and by this 
fact appreciably affect its receipts. This 
is the reason why most of the large com- 
panies cannot always overcome a local 
difficulty; in fact as the same conditions 
can exist in distant areas while recover- 
ing some particular traffic in one zone 
there is a risk of losing other of greater 
importance elsewhere. 

From all these considerations we may 
deduct the necessity : 


e 
1. for the governments to grant to the 
railway administrations legislation giv- 
ing them more liberty and one more 
marked by commercial character; 


2. for the administrations to modify 
their working methods so as not solely 
to give good service but seriously to take 
into account the question, which by its 
very origin has not always been possible, 
of directing all their efforts in an indus- 


trial direction and consequently allow- 
ing themselves to be guided essentially 
by financial principles. 


The controlling of road transport un- 
dertakings in each country includes most 
often the same prescriptions as those 
imposed on railway transport under- 
takings. Special laws issued in connec- 
tion with the establishment of these ser- 
vices are in force in Germany, Jugoslavia 
and Denmark; in Belgium and Holland 
for passenger services, and in Algeria 
for the subsidised lines. Of the special 
legislation introduced with regard to 
motor transport, that of certain coun- 
tries deserves special mention. 


In Switzerland for example, the con- 
cession for the lines are granted accord- 
ing to the law on the organisation of the 
Post Office services, of the 2 October 
1924, which in turn is based upon Ar- 
ticle 36 of the Constitution. 

In consequence the operation of all 
regular passenger road services requires 
a concession from the Federal Govern- 
ment regulated according to the law. 
Curiously enough, cases are reported in 
which several of these lines have been 
subsidised by the Post Office Adminis- 
tration in order to cover the working 
deficits. 

In Switzerland there are also lines 
known as « B! » or « circular lines », on 
which all the passengers return to the 
departure point and others known as 
« B? » or « tourist lines » on which pas- 
sengers do not return to the departure 
station. 

All these B' and B®? lines as well as 
special lines known as « A » are subject 
to the Federal Law on the civil responsi- 
bility of railway and steamship under- 
takings. 

The concessionaires of the B2 lines, 
i. e. of those on which the passengers do 
not return to the point of departure and 
who compete with railway or Post Office 
lines are subject to a special tax calcu- 
lated per passenger and per kilometre at 


24 


“a 


L 


XI_55_ 


the rate of 2 centimes, and which is paid 
to the undertaking competed against, ei- 
ther the railway or the Post Office. This 
is one of the most remarkable features of 
the Swiss legislation. 

This method also applies to Belgium 
where road motor services competing 
with the railway are obliged to pay an 
indemnity to the latter. 

The number of touring traffic con- 
cessions in Switzerland in 1929 was 104; 
the number of concessions for circular 
lines was 280, 40 of which were operat- 
ed by foreign contractors. 

The Swiss Railways are endeavouring 
to persuade the State that the special tax 
mentioned above should also be paid by 
the concessionnaires of circular lines 
(B1). 

On the other hand, as regards goods 
transport by carriers there is absolute 
liberty and the lorry traffic is not under 
any control. The Railways have drawn 
the attention of the Swiss Federal Coun- 
cil to the necessity for legislation on this 
point. 

The only relief that the railways be- 
nefit on at the present time in this mat- 


ter is the rather loose interpretation_of_ 


certain railway regulations, an interpre- 
tation which the higher authorities have 
sanctioned, with the object of limiting 
the activity of road transport. 

In Germany the new regulations on 
road motor transport are among the most 
restrictive in this matter. 

Every regular road motor-passenger 
service from one locality to another is 
subjected to a licence. This also applies 
to goods transport carried out for a 
third party, to distances above 50 km. 
(31 miles), an exception being made in 
the case of transport carried out on 
their own account by industrial under- 
takings. : 

All transport services in operation for 
a given time of a general public cha- 
racter are considered as regular passen- 
ger services. 

All applications to start a service is 


submitted to the higher authorities of 
each state and the question of knowing 
if the service to be carried out falls or 
not within the conditions of the special 
law is decided by the said authorities, 
after having consulted the administra- 
tions of the posts and of the railways, 
chambers of commerce and industry of 
the place where the undertaking desir- 
ing the concession is seated, and a de- 
legate of the road motor transport organ- 
isations recognised by the Minister of 
Commerce. 

The concession for passenger road 
motor services in the interior of a State 
is granted by the authorities of the said 
State. 

If the road motor services have to 
traverse several States they are subject 
to the approval of the authorities of 
these States. 

In the event of no agreement having 
been reached at the end of three months, 
the Minister of Ways and Communica- 
tions of the Reich decides the matter on 
the application of one of the States. 

A clause to which no exception is 
allowed consists in not granting any con- 
cession without having received full 
guarantees as to the safety of operation, 
the financial standing, the capacity of 
the undertaking and the fact that the 
service is not of a nature to damage the 
public interest. Such are considered to 
be the interests of the German Railways, 
safeguarded by the Minister of Trans- 


_port of the Reich who after enquiry is 


qualified to give final judgment in all 
cases of litigation. 

When a licence is given certain pre- 
scriptions are laid down relating to the 
hours, to the rates, and to the conditions 
of transport. A deposit or a bond may be 
required with the object of guaranteeing 
a normal service. 

The rates are made of general appli- 
cation as on the railways and the road 
motor service undertakings are subject 
to the control of the authorities who is- 
sued the licence. These latter are also 
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authorised to withdraw the _ licence 
should the concessionnaire not carry oul 
any of the obligations laid upon him. 

As regards transport undertakings of 
a general character and which conse- 
quently affect the whole of the Reich, 
the Minister of Communications fixes the 
rates, taking into account the railway 
rates, so as not to damage the interests 
of the latter. 


The rates cannot be modified without 
the authority of the Minister of Commu- 
nications. 


The road motor service undertakings 
are subject to the fulfilment of formali- 
ties similar to those in force on the rail- 
ways, as regards the obligation of sup- 
plying complete returns and information, 
keeping registers, books, and all kinds 
of documents similar to those on the 
railways, which can be examined by the 
public administration if need be, when 
it considers this necessary. 


_ The concessionnaires also are obliged 
to insure themselves with an insurance 
company against all damages to goods or 
passengers up to a maximum fixed by 
law. 

In the case of occasional goods and 
passenger transport services, regulations 
dealing with the preservation of the 
roads are in force. A characteristic con- 
dition imposed by the law is worthy of 
mention. It deals with the punishment — 
up to imprisonment — of those who by 
premeditation or by negligence work 
road transport services without author- 
ity and those who commit faults or in- 
fringements with regard to the regula- 
tions. ; 

In the new Belgian legislation, the ve- 
hicles may be confiscated when infrac- 
tions of the laws relating to road trans- 
port are discovered. 


In Italy, the legislation on. transport 
by road prescribes as an essential condi- 
tion the obligation of obtaining for each 
line, whether for passengers: or goods, 
a State concession, with the note- 


~~ 


worthy condition that any line which 
may compete with the railway cannot 
obtain a licence. 

The rates on all authorised lines have 
to be submitted to the same formalities 
of approval as those on the railways. 

All the existing road motor lines either 
operate neutral services or act as feeder 
services to the railway. It is obvious 
however that all occasional and private 
motor transport services acting with un- 
restricted liberty are always in a posi- 
tion to compete. 

In Rumania the law of July 1930 has 
conferred upon the State the monopoly 
of the organisation and operation of road 
services under the Ministry of Public 
Works and Communications, which has 
alone authority to issue concessions, by 
public tender, as regards lines including 
sections of 100 km. (62 miles) by road. 

Moreover the legislation in force in 
most countries generally governs the con- 
dition of the rolling stock as well as ap- 
proving the designs by fixing standards 
relating to the dimensions, wheel arran- 
gements, weight of vehicles, interior 
lighting, ability of the driver, and the 
brakes; sometimes special guarantees to 
meet civil responsibility in case of acci- 
dent are insisted upon, as for example 
in Sweden. 

It cannot be definitely stated that there 
is no legislation relating to taxes and 
rates although most often the regulations 


on the subject are very incomplete. In 


certain countries, France for example, 
the rates are entirely free of control, 
eight days’ notice being sufficient to 
alter the passenger rates. In Holland 
the provincial authorities are obliged to 
approve the rates and time tables propos- 
ed by the road motor services. In Poland 
the legal provisions only affect the max- 
imum rate which has to be published 
every 15 days. In Denmark the conces- 
sion is issued subject to the rates pro- 
posed in the application for operating 
the line being observed. 


As regards the taxes, and except those. 
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which fall on petrol, the registration of 
the vehicles and the running licences, 
there are few countries who apply a real 
transport tax, and when ‘this is in force 
it is applied exclusively to passenger 
transport. 

Moreover it must be noticed that the 
prescriptions which are imposed by the 
laws applicable to transport undertak- 
ings by road are not very stringent and 
that in many cases they are easily elud- 
ed, with the exception obviously of those 
dealing with the registration of the ve- 
hicle and the running licences, which, 
although less frequently, are not observ- 
ed in certain cases. The railway is not 
concerned in this matter, although sev- 
eral railway administrations report to 
the local authorities cases of obvious in- 
_fringements that they have observed and 
sometimes register protests with the pub- 
lic authorities, but without much result. 
On the other hand in view of the enorm- 
ous radius of action of this traffic, as 
well as its lack of standardisation, su- 
pervision from this point of view is very 
difficult. 

Although in all countries there are 


legal requirements solely applicable to_ 


the control of road transport conces- 
sions, it is as a rule very difficult to see 
that they are carried out. 

The road motor services, thanks to 
their special characteristics are nearly 
always able to avoid many of the legal 
requirements, not only by not paying the 
taxes imposed, but also by not obeying 
the regulations on hygiene, for example, 
which the public, however, esteem and 
appreciate. . 

We will mention in this connection 
the case of very severe competition with 
a railway in Spain, which was obliged 
to observe a whole series of hygienic 
precautions when it was a question of 
carrying slaughtered cattle, measures 
which are avoided by the road motor 
lorry. Carrying out these requirements 
meant for the consignor a financial 
charge so heavy that he preferred to use 


the road and pay a higher price than the 
railway rate. 

The advantages offered by the road 
motor vehicles when it is a question of 
carrying goods subject to fiscal rights 
and import duties are of the same kind. 

Smuggling is always easier by road 
than, by railway; frequently the road mo- 
tor vehicles avoid the difficult points 
by using side roads; obviously the rail- 
way cannot do this. On this subject the 
establishment in Italy of a special police 
known as the « milicia estradal » (road 
police) must be specially mentioned. 

In Spain since 1924, when the Govern- 
ment began to grant exclusive conces- 
sions for given routes, the road transport 
has been brought under special legisla- 
tion. This has undergone many changes, 
according to the requirements, either 
at the request of the railways or of cer- 
tain provinces with the object of in- 
creasing the road transport, in places 
where the railway system was little de- 
veloped, 

At the present time the Government 
has decided to call together a transport 
conference composed of representatives 
of the State, of the railways, of the road 
services concessionnaires, and of their- 
users. 

The object of the conference is to 


- examine carefully each problem so as not 


to hurt the development of the road mo- 
tor vehicle, but at the same time make 
it possible not to damage the field of ac- 
tion of the railway and to safeguard the 
economic interests of the country. 
Much is expected of this conference, 
but it is not yet possible to foretell what 
the results of its deliberations will be. 


Methods employed by the railway ad- 
ministrations to defend themselves 
against road competition. 


Passengers. 


As regards passenger traffic, attention 
has principally been concentrated on the 
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two questions of the rates and the train 
services. 

As regards the rates, special reduced 
fares have been introduced in various 
ways so as to make these reductions 
conditional. 

Most of the railways have introduced 
important reforms from the point of 
view of modifications in the rates, by 
issuing return tickets, season lickets, etc. 
In Finland monthly season tickets, valid 
for three people at once, are issued. 

The Belgian Railways also grant re- 
duced rates, apart from the summer ho- 
liday season, with reduction of as much 
as 40 % of the ordinary fare for groups 
of 150 passengers, and as much as 50 % 
for groups of 400 passengers. 

The German Railways on the other 
hand up to the present have not modi- 
fied their rates for passengers and lug- 
gage. 

The Algerian lines of the Paris-Lyons- 
Mediterranean Railway are considering 
the question of introducing a fourth class 
with reduced rates. 

In France, for example, family tickets 
are issued, and also special tickets which 
allow motor cars to be conveyed by the 
same trains as the passengers owning 


them, the traffic being dealt with at 


certain definite stations. 

In the same way, in nearly all the 
countries covered by our report, there 
is a parcels service dealing with unac- 
companied luggage, which makes it pos- 
sible to recover at least the conveyance 
of the luggage of those passengers who 
travel in their own private cars. 

In Spain, there is a type of ticket in 
great favour with the public and which, 
in fact, is now being investigated by sev- 
eral railway administrations of other 
countries who think it might be worth 
while to introduce such tickets on their 
system : this is the mileage ticket. By 
buying a book of coupons, each of which 
is valid for 5 km. (3.1 miles) a given 
number of persons, members of a family 
or association, whose names and pho- 


tographs are entered in the book in ques- 
tion, can travel at will during the time 
the ticket is valid. The number of per- 
sons who can use the book of tickets and 
the period of validity increase in pro- 
portion to the total mileage of the tickets 
purchased. 

As regards the train services, in all 
countries the speed of the trains has 
been increased and the timetables adapt- 
ed to meet the demands of the public; 
as far as possible, the formalities in- 
herent in booking passengers have been 
simplified, and the staff instructed to 
show the utmost courtesy in dealing 
with the public, so as to give the public 
the greatest possible travelling facilities 
within the limits allowed by the regula- 
tions of the railway companies, In the 
same order of ideas has been the exper- 
imental introduction of petrol rail mo- 
tor coaches, or heavy-oil motor rail 
coaches with electric transmission and 
Diesel motors driving the generators. 

These rail motor coaches are of real 
value in combating road transport com- 
petition. They make it possible to re- 
duce the cost per train-mile consider- 


ably, and can be run at speeds up to 70° 


and 80 km. (43.5, and 50 miles) per 
hour, and in some cases even above 
100 km. (62 miles) per hour; they also 
make it possible to adapt the service 
more closely to the requirements of each 
district as regards more convenient tim- 
ings, than can be done with ordinary 
trains, 

In France several types of rail motor 
coaches with pneumatic tyres have been 
tested. The essential characteristics of 
these vehicles are : quicker acceleration 
and better braking. In principle this 
method of working a service appears 
very attractive, although no definite de- 
cision has yet been made; the investiga- 
tions will be continued and it is pro- 
posed to introduce services of this kind 
on certain of the main French railways 
as trial services. The secondary railways 
already use bogie motor vehicles with 
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steel tyred wheels with accommodation 
for 80 (power : 100 H.P.) and vehicles 
with two pairs of wheels for narrow 
gauge lines, these vehicles taking the 
place of light passenger trains. 

In Belgium, the National Light Rail- 


way Company has introduced on a line’ 


where competition is particularly keen, 
a rail motor coach service, which at the 
present time is worked by three vehicles 
and gives excellent results. The cost 
price per kilometre has been reduced 
from 8 fr. (steam) -to 3 (rail motor 
coach); the speed has been increased 
from 18 to 35 km. (11.2 to 21.7 miles) 
per hour, and with an hourly service 
the receipts have increased by 68 %. On 
the line in question, as on others, Dion- 
Bouton and Saurer vehicles are used, the 
characteristics of which are identical. 
There is seating accommodation for 30 
passengers. One type also has a com- 
partment at the rear which can carry 
up_to 1500 ker. (3 300 1b.) and which 
is used as a luggage compartment or for 
parcels traffic. 

The Belgian National Railway Com- 
pany has organised on certain lines pas- 
senger services by means of rail motor 
coaches, with heavy-oil Diesel motors of 
the Maybach E.A.V. 100 type, or by steam 
rail motor coaches of the Sentinel type. 
This railway company has no rail motor 
omnibuses in use. 

The Algerian lines of the Paris-Lyons- 
Mediterranean Company have in service 
two Berliet rail motor omnibuses of the 
Berliet type with 2nd-class and 3rd-class 
compartments, and luggage and post of- 
fice compartments. Accommodation is 
provided for eight 2nd-class and forty- 
four 3rd-class passengers, with seats for 
thirty-eight of these; there is also a lug- 
gage compartment, a mail compartment, 
and a driver’s compartment; they are 


electrically lighted and heated by means 


of the exhaust gases. The motor is a 
100 H. P., 6-cylinder Berliet M.L.A. type. 
Each unit weighs 19 tons. 

The Damas-Hamah Railways, in Asia 


Minor, have recently organised a rail 
motor omnibus service on their lines, 
with Dion-Bouton vehicles. This inno- 
vation seems to have been appreciated 
by the public but is of too recent date 
for the results to be appreciated. 

The Czechoslovakian State Railways 
have introduced rail motor omnibus 
services on lines with small traffic, Elec- 
tric transmission has been chosen for 
these vehicles. Eight-wheeled coaches 
are used on secondary lines with heavier 
traffic, as well as on the main lines, in 
order to make connection with the fast 
trains which run at less frequent inter- 
vals. As these vehicles do not have to 
make frequent stops and are only used 
over sections where the motors are not 
worked very heavily, mechanical trans- 
mission has been used; in other cases 
electric transmission has been used. On 
the difficult sections of certain lines, it 
has been proved that motors of less than 
200 H. P. are not powerful enough, and 
that it does not pay to force the motors 
in view of the large amount of fuel con- 
sumed. Tests are being made with Diesel 
motors from which much is expected as 
far as a reduction in the working cost 
is concerned. 

Apart from the Railway Administra- 
tions mentioned above, who have already 
made use of stock of this type, many 
others are considering the matter, but it 
would appear that the majority are not 
at present inclined to undertake tests of 
this sort. . 

The North of Spain Railway Company 
which has used rail motor coaches on 
electrified sections of its lines with much 
success, has just issued enquiries for the 
acquisition of different rail motor coach- 
es, from the light type to the Diesel-elec- 
tric type, with the object of getting them 
into service as soon as possible so as to 
get the necessary experience in view of 
a wider extension of this type of vehicle. 

Another method employed by the rail- 
ways to combat competition is the organ- 
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isation of auxiliary services between the 
stations and towns situated at some dis- 
tance from the railway. 

In general door to door passenger 
transport service is very rare. Of all the 
Administrations consulted, only the 
Swiss Federal and Czechoslovakian State 
Railways have passenger services of this 
type. 

In France, auxiliary companies carry 
out this service by motor, but only in 
the case of towns some distance from 
the railway. These services, which might 
be called correspondence services, are 
being carefully studied in Poland. 


In Spain also, for some years there 
have been correspondence services and 
at the present time these are being de- 
veloped as much as possible, 


The Spanish Railways have found it 
difficult to extend these services because 
of the restrictions of the existing laws, 
which are, however, going to be modi- 
fied so as to regulate the road transport 
services. 


In the case of passenger transport ge- 
nerally, in all countries motor services 
are run in conjunction with the railway 
to towns at some distance from the 
latter. 


In Germany, for example, the railway 
administration itself operates 12 lines, 
with a total mileage of 234 km. (145 mi- 
les), and in conjunction with the Post 
Office Administration, 63 lines, with a 
total mileage of 1610 km. (1000 miles). 
In addition, in conjunction with other 
organisations, it operates a further 26 
lines, with a total mileage of 1567 km. 
(974 miles). 


In France, such services are widely 
developed. In Portugal and Switzerland 
also they exist in great numbers and are 
operated in conjunction with the Post 
Office Administration. 


Goods. 


As regards goods traffic, the measures 


taken to combat road competition also 
concern the two following elements : 


1. train services; 
2. rates. 


Train services. 


In all countries efforts have been made 
to establish very fast services for all 
classes of goods, and in particular for 
the parcels traffic. At the same time, 
central despatching services have been 
established, the receiving and delivering 
services being contracted out to private 
firms who deal not only with the ser- 
vice itself but also with the correspon- 
dence and reconsignment arrangements. 
In this way, door to door transport is ob- 
tained. 

In this connection particular mention 
must be made of the fact that it is better 
for the Railway Administrations to asso- 
ciate themselves with local firms in each 
centre rather than to set up large com- 
panies serving a whole group of places. 
In this event, the carrier should not be 
content with assuring the conveyance 
properly speaking, but should also act 
as the commercial agent of the railway, 
since no-one, whatever his ability, who 
is called upon to work in a locality 
where the people and industry and con- 
ditions of life are strange, has the same 
advantages as a native of the place with 
his local interests and established con- 
nections, which it is always hard for the 
stranger to work up. This would seem 


’ to confirm the method met with in many 


cases by which the railway administra- 
tion commissions a large firm, possibly 
an affiliated company in which it is in- 
terested financially, to handle under 
contract the local services. It appears to 
us that the railways expose themselves 
to failure when they try to operate such 
services directly instead of employing 
local agents. 

The German State Railways which 
have organised such services in this way 
own 28 lines with a length of 737 km. 
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(458 miles), which they themselves ope- 
rate, and 869 km. (540 miles) of lines 
operated in conjunction with other road 
motor undertakings. 

In this respect it is interesting to men- 
tion the case of Denmark where of the 
400 stations on the railway system, 350 
have a door to door goods collection and 
delivery service. 

In Italy, the service between the rail- 
way stations and customers’ premises are 
carried out by the National Transport 
Company (I. N. T.) in conjunction with 
the State Railways. 

In Switzerland also, such services, in 
conjunction with the S. E. S. A. are very 
widely extended. The collaboration be- 
tween the Railway and the Post Office, 
which has organised many road services, 
is so close that many of the functions of 
the one and the other are carried out 
indiscriminately by the railway or the 
Post Office staff. 

The introduction of road motor ser- 
vices by the Railway Administrations is 
in our opinion a question that needs very 
careful preliminary study. In fact it is 
possible — such a condition of affairs 


has already been known — that one or 


other administration, in order to prevent 
other competing undertakings from car- 
rying out certain given services, increa- 
ses the number of road services and the- 
reby involves itself in considerable ex- 
pense, which in principle simply cor- 
responds to competition, with the addi- 
tional fact against it that it is competing 
with itself. 

Contrariwise, such services are always 
advisable when it is a question of short 
journeys, and of services expensive to 
carry out by rail, where the traffic is 
small, so that it is best, when possible, 
to suppress the railway service and to 
work by road the service between the 
junction stations and the destination 
point. 

In Germany, the railway administra- 
tion has in certain cases suppressed the 


service on short lines where there was 


only passenger traffic, in favour of a 
road omnibus service operated in con- 
junction with the Post Office. 

In Belgium, Norway and Poland, in 
the case of certain short distance secon- 
dary lines, the railway services have 
been suppressed in favour of road ser- 
vices carried out by means of an agree- 
ment with motor omnibus companies. 

In Italy also, the railway service on 
two secondary lines has been suppressed, 
because of the cost of working it, in 
favour of motor omnibus services for 
passengers and luggage. These lines 
have a mileage of 33 and 26 km. (20,5 
and 16 miles) respectively. 

The door to door services bring out a 
very interesting point which merits spe- 
cial study owing to the formalities and 
the compliance with certain legal requi- 
rements which are necessary in the 
case of all road services worked by the 
railway, even when these are conceded 
to a private firm. 

In most countries, and amongst others 
in Spain, when a service is set up be- 
tween a railway station and the consi- 
gnee’s premises or vice-versa, within the 


_limits of one district, the contract be- 


tween the railway and the contracting 
firm, as well as the rates, have to be sub- 
mitted for approval to the Government 
inspector. 

In all centres of some importance 
where such services are set up, there are 
already a number of carriers, who car- 
ry out such services between the station 
and business or other premises, or vice- 
versa, Competition between the railway 
and these road carriers is at once set 
up, and obviously since the activities 
and initiative of the railway are limited 
by legal prescriptions, the road carriers 
are generally the more successful. 

Under these conditions the railway 
company’s agent can do but little and 
there are only two solutions for such 
a state of affairs : either to charge high 
rates for the small amount of work he 
does, and in this event the public will 
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turn over to the carriers, or else to col- 
lect a low charge from customers and 
supplement this by the railway paying 
the difference, which subsidies to its 
agent will frequently result in the rail- 
way losing part of the profit it could ob- 
tain from the increase in the rates to 
meet the costs of the door to door ser- 
vice. 


Rates. 


As far as goods rates are concerned, 
apart from reductions usually made in 
order to combat motor competition, 
which vary according to local condi- 
tions and the distances covered, certain 
Administrations, and among others the 
French Railways, have introduced spe- 
cial rates for the transport of goods car- 
ried in containers, by basing the rates on 
the net weight of the goods and by grant- 
ing special facilities for the return of 
such containers at exceptionnaly low 
rates, 

The use of containers is evidently of 
great value in certain cases, for example 
when it is a question of goods easily 
damaged and which should be handled 
as little as possible; but it is nevertheless 
true that a general application of this 
method would result in many inconven- 
iences and difficulties. 


Apart from the fact that the container 
itself whether loaded or empty, is carried 
free, and may in this respect, be compar- 
ed to a covered wagon, this method of 
carriage means a smaller return from an 
ordinary wagon, as containers through 
their capacity or their suitability cannot 
be used for all classes of goods, nor can 
they be used when the goods do not con- 


form with the conditions governing the. 


special rates. 


On the other hand, the need to be 
able to handle containers makes it ne- 
cessary to have special lifting equipment 
in many stations not yet so equipped, as, 
although it is easy to handle ordinary 
parcels by hand, in dealing with « con- 


tainers » it is necessary to use mechani- 
cal appliances. 

Should the number of « containers » 
increase to any great extent within the 
limits of the total number of wagons, the 
storing of this auxiliary stock on the 
banks and the loading and off-loading of 
the lorry at and from the bank to the 
wagon would much complicate this kind 
of transport, the cost of which would in- 
crease in consequence. Furthermore it 
is not always possible to transfer the 
container directly from the wagon to 
the lorry or from the lorry to the wagon. 

Although some Railway Administra- 
tions may have provided in their sta- 
tions the necessary equipment for this 
service, on the other hand there are ma- 
ny who do not expect to obtain much 
benefit by it as, apart from the necessa- 
ry station equipment, the considerable 
expenditure needed for the purchase or 
hire of the containers would largely do 
away with the profit obtained from the 
traffic recovered by the use of such 
stock. 

Consequently, in our opinion, this sys- 
tem may be valuable as an auxiliary ele- 
ment in certain cases when it is a ques- 
tion of fragile goods over one definite 
route, but we do not think that its gene- 
ral application is likely to counterba- 
lance the competition of the road motor 
services. 

Other railway administrations have 
used and use, in the struggle against 
such competition, other methods, more 


particularly in connection with the rates, 


sometimes as regards the actual charges, 
and sometimes as regards the conditions. 

Thus the Polish State Railways des- 
patch registered goods immediately they 
are handed in and in many cases re- 
frain from applying the supplementary 
charges for express carriage; they have 
introduced light trains for parcels traf- 
fic which are worked to suit the needs 
of the trafic, at the same time simplify- 
ing the formalities as regards registration 
and loading, removing certain require- 
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ments as regards packing, and granting 
facilities as regards the demands for and 
the placing of wagons. 

The Danish State Railways have re- 
duced the minimum of 5 tons for con- 
signments by complete wagon loads to 
3 tons when the distance exceeds 125 km. 
(78 miles). 

The Swiss Railways, in certain cases 
when it is a question of a consignment of 
goods by complete wagon load of a mi- 
nimum weight of 1500 ker. (3 300 lb.), 
charge in each case the same rates as 
those charged by the road motor servi- 
ces. 

When it is a question of running a 
competing service, it is necessary to so 
organise the working as to have the great- 
est possible adaptability compatible with 
the legal limitations. In order to combat 
those agencies which offer «all-in rates » 
the railways, the rates over which must 
remain unaltered, must enjoy the neces- 
sary latitude as regards the auxiliary 
services between station and premises at 
both the loading and unloading points. 

The most practical method of assur- 
ing this flexibility seems to be that of 


coming to an agreement with transport. 


agencies already established in each 
centre, who will work for the railways; 
this work would consist in propaganda 
on the part of the said agencies designed 
to interest the public in making use of 
them for door to door service. The co- 
rollary of this system is the grouping of 
consignments which can be done by the 
agencies, and also the granting of pro- 
gressive allowances on tonnage accord- 
ing to graduated scales. 

This system of allowances which has 
proved efficacious in practice is one of 
the best methods of meeting the compe- 
tition of lorries as regards the transport 
of goods. 

The lorry, by reason of its nature, 
attacks what we might call isolated traf- 
fic, i. e. that of small tonnage. 

On the other hand when it is a ques- 
tion of traffic of considerable volume to 


be fully guaranteed as to the regularity 
of the service, the motor service is un- 
able to deal with it. 

In order to deal with such traffic the 
motor services would have to be or gan- 
LSC Cee iiiatey complicated and expensive 
fashion, and in such a case the railw ay 
at once profits by reason-of its natural 
advantages of capacity and real cost of 
lransport, and is undeniably in a better 
position to deal with it than the motor 
Services, 

In order to combat the activities of 
road transport, the railways are recom- 
mended to induce consignors by means 
of some financial stimulant, to group 
their goods together, so as to enable the 
railway to turn these « groupings » into 
great traffic currents. 

In Spain, negotiations on this point 
have been carried through several times 
with consignors of goods of the same 
kind, and it was seen thaf in this way it 
would be possible to recover important 
traffic now transported by road, if the 
State would grant the railway greater 
latitude than it now has, especially as 
regards the granting of reductions (al- 
lowances) varying according to the ton- 
nage. 

As regards this question, there are two 
kinds of grouping : that of goods of the 
same kind being sent together by several 
private individuals; and that of several 
lots of goods sent by transport agencies. 

In both cases the same system of al- 
lowances can-be applied, though in the 
second case it is always more complicat- 
ed than in the first to get out a suitable 
rate. 

Furthermore, in France, the hours at 
which the stations are open have been 
extended for the benefit of the public; 
covered-in sheds are reserved for the 
consignors of « grouped » goods which 
latter receive especial attention. By this 
means it is hoped that the public using 
transport agencies may derive the max- 
imum benefits thereof. 

On the Algerian lines of the Paris- 
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Lyons- Mediterranean Railway, allow- 
ances are granted on the rates for ex- 
press « grouped » goods which vary from 
10 to 30 % according to the monthly 
tonnage offered by each contractor. 

In Rumania, the road motor under- 
takings are given space in the station 
for car parks, workshops and _ offices; 
« grouped » rates are granted to them 
for the traffic they bring to the railway, 
the latter making over to them the goods 
cartage service in the locality. 

In Germany, the introduction of uni- 
form rates, applicable over the whole 
country, for door to door transport, 
which shall be much lower than those 
now in force at the large centres and can 
be again reduced if competition should 
make if necessary is under consider- 
ation; if need be the railway will assist 
the consignors financially. 

It is also proposed to come to an 
agreement with an important group of 
express motor services in order to set 
up door to door transport services by 
railway and motor jointly with inclusive 
rates. 

When this is done it can be said that, 
on the railways applving the « grouped » 
rates, the « all-in » system of rates for 
door to door transport is really favour- 
able, This is what is being done by the 
French Main Line Railways and by the 
Railways of Asia Minor. 


Other railways, such as the Nether- 
lands Railways, make use of their affi- 
liated companies who act as the agents 
of the railway in the case of « all-in » 
transport. 

In Greece and Denmark, this system 
of rates is also used, through “the inter- 
mediary of the concessionnaires of the 
motor lorry services. In Germany, as 
has already been Said, investigations are 
being made into a proposal applicable to 
all the German -Railway stations which 
will make it possible to set up such com- 
binations, 
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Co-ordination. 


The result of the above considerations 
is that there can never be perfect co- 
ordination between the railways and mo- 
tor services. 

It is desirable to do away with all dif- 
ficulties and to encourage all efforts to 
increase as much as possible the number 
of cases of co-ordination; this number 
will increase as the intervention of the 
State becomes more efficacious, since its 
intervention should establish proper equi- 
librium between the legal and financial 
conditions which have to be observed 
-by the railway and those the motor serv- 
ices must. work to. 

All correspondence and reconsignment 
services are co-ordinated services; but 
when it is a question of dealing with 
such questions with the concessionnaires 
of road transport undertakings, it has 
been observed that these latter all desire 
to extend such co-ordination to the servy- 
ices we call « parallel » and the co-or- 
dination particularly stressed by them is 
always that which enables them to work 
on the basis of mutual concessions which 
generally complete those under which 
the railways favor co-ordination. 

The result is that many of the agree- 
ments between the railway administra- 
tions and road transport services end by 
making a sort of traffie syndicate, and 
it is obvious that as the railway itself can 
assure the whole of the service, the fact 
of coming to an agreement with its com- 
petitor does not bring it any direct ad- 
vantage and can only serve as a sort of 
safety premium to prevent greater com- 
petition. 

In Germany, for example, since June 
1929 there has been an arrangement be- 
tween the Railways and the Post Office 
Administration, according to which the 
transport of passengers on the road over 
lines already in existence at that date re- 
mains exclusively in the. hands of the 
latter. 
working of motor lines established after 


The railways can share in the 
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this agreement was made, but as far as 
lines thought to be competitive by reason 
of the route covered are concerned, the 
railways can fix the route, timetable and 
rates; participation in the profits or 
losses, to the extent of 65 % or 35 % 


according to whether’the lines are or 


are not competitive has been arranged. 


In Belgium, the question of enter- 
ing into agreements with competitive 


motor omnibus companies is being con- 
sidered. It is suggested that these lines 
become the property of the railway 
which applies the same rates as those in 
force on its own system. The total re- 
ceipts will be handed over to the railway 
who will pay the road undertaking 
3.50 fr. per loaded vehicle-kilometre, plus 
0 % of the gross receipts. 

The motor transport companies will 
have to supply the stock and staff. 

In France, the undertakings working 
in agreement with the railway have to 
apply the rates and work to the timetable 
approved by this latter; they have to 
comply with certain regulations as _ re- 
gards the stock and the insurances 
against accident. In-return they often 
benefit by financial guarantees given by 
the railway company. 

The Algerian lines of the Paris-Lyons- 
Mediterranean Railway intend to make 
agreements with such road transport un- 
dertakings as undertake not to compete 


with the railway, by letting them share. 


in the revenues obtained by the railway 
as the result of such an agreement. 

The Morocco Railways grant a pre- 
mium to motor undertakings on the ton- 
nage of traffic they bring to the railway. 

In Holland, the railway has in some 
particular cases subsidised feeder omni- 
bus services. 

In Czechoslovakia, the railways share 
financially in a road motor transport 
company. } 

In Switzerland, the railways have no 
direct agreements with the consignors 
but act through the intermediary of the 
S.2h.o9; AG 
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This undertaking, which owns no ve- 
hicles, makes contracts with the owners 
of vehicles who engage not to compete 
with the railways. 

As regards combined rates, up to the 
present time few railways have intro- 
duced combined rates with road trans- 
port undertakings. Several railways ap- 
ply these rates to some combined cor- 
respondence and reconsignment services; 
but in both these cases the total transport 
cost is made up of the sum of the two 
rates of the two methods of transport. 

In France, special through tickets with 
a reduction of 50 % on the usual fare 
have been introduced for journeys made 
partly by rail and partly by road. 

In Holland, there is a combined scale 
of rates, the basic railway rate being ap- 
plied over the whole distance; the 
amount is so divided up that each party 
receives half the fixed charges; as to the 
variable part of the charges, this is divi- 
ded up according to the distanee in each 
case. 

In Sweden, where combined rates for 
certain services worked in common are 
also in force, the price as a rule repre- 
sents the sum of the two rates; but in 
some cases a reduction is granted on the 
whole amount. 

In those cases where there is an agree- 


~ment between the railway and the motor 


road undertaking for combined services, . 
the responsibilities are divided up as fol- 
lows : as regards those which in general 
relate to the railway journey, the laws 
concerning the working of the railway 
are applied; as regards the journey by 
road, the general civil and commercial 
laws of each country are applied. ; 

In Holland, the responsibility as re- 
gards combined goods transport services 
(the only combined service in existence) 
is determined according to the previsions 
of the Berne Convention. 

In Greece, the railways take all res- 
ponsibility towards the public, with the 
reserve that they themselves hold the 
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road motor undertakings to their share 
of the responsibility. 

Here again, as in the case of many of 
the other questions considered above, 
the difference between the way the rail- 
way and the road services are treated is 


manifest. In fact, the railway can never 
escape its obligations, not even those 


which cannot fairly be attributed to it; 
the road motor service on the other hand, 
except when it is a question of an im- 
portant and properly organised under- 
taking, is not subject to so many restric- 
tions and often endeavours to lessen and 
even avoid its responsibility altogether 
under the pretext of the insolvency of its 
owners or the drivers concerned. 


Conclusions. 
1. — The competition of the road mo- 


tor services with the railways is on the 
increase and is more especially met in 


the case of passenger traffic than of 
goods traffic. 
2. —— Although most Governments have 


considered the question of introducing 
special laws, those promulgated up to the 
present have not been sufficient to esta- 
blish a just equilibrium between the legal 
conditions imposed on the two methods 
of transport. 

Consequently it is necessary to insist 
that the public authorities bring the road 
transport services under laws similar to 
those governing the railways, and set up 
an organisation responsible for the su- 
pervision of the roads, which shall be 
responsible for controlling the way the 
regulations are carried out. Moreover, 
in principle the setting up of all regular 
motor services should be dependent upon 
the obtaining of a special licence which 
should only be granted after preliminary 
investigation into the opinion of the rail- 
way administrations likely to be vitally 
affected by the existence of the line in 
question. 

With this object in view it is desirable 


that a Transport Council be established 
for granting such licences after an en- 
quiry into each particular case. 

This Council should in principle in- 
clude representatives of the State, the 
tailway Administrations, Road Motor 
Companies, and also of the Public using 
these methods of transport. 

An endeavour should be made to assure 
the equality of the taxes carried by cach 
method of transport, and when a con- 
cession is granted the conditions impos- 
ed should vary according to whether it 
is a question of neutral services, sery- 
ices acting as feeder lines to the rail- 
way, or services competing with the rail- 
way. 

In the same way we consider it desir- 
able for the Governments to grant the 
railways, while retaining the present sys- 
tem of inspection and guarantees appli- 
cable to a public service, the necessary 
latitude in regulating their services, so 
that they can reduce their operating costs 
and, when it is a question of rates, adapt 


these to the needs of each particular 


case, by acting rapidly, in a comniercial 
way, with the object of retaining their 
traffic and even recovering that lost for 
one reason or another. 


3. — Notwithstanding governmental 
intervention, there is always inevitably 
more or less serious competition, accord- 
ing to the degree of protection the Go- 
yernment gives the railways. It is to be 
recommended that the direct action of 
the railway administrations should begin 
at the point at which the State influence 
ends, and that this direct action consist 
in seeking for all possible means of co- 
ordination with the road transport un- 


dertakings. At the same time each par- 
ticular case should be examined very 


carefully, so as to avoid or at least lessen 
the grave danger of such co-ordination 
resulting in the railway paying a subsidy 
equal to —— if not greater than — the 
value of the very competition it is desir- 
ed to avoid. 
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4. — Furthermore it is necessary to 
modify, by improving them, the operat- 
ing methods. For this it is to be recom- 
mended that recourse be had more and 
more to the use of fast light rail motor 


coaches. The introduction of special 
fares for passenger services and rates for 


door to door services should be extended 
as much as possible, by making use pre- 
ferably of accredited transport agencies. 
It is also profitable to extend the group- 
ing of consignments of goods, as well as 
the system of granting allowances for 
certain minimum tonnages. The use of 
containers can be recommended in cer- 
tain definite cases, but in our opinion 
they can only be considered as a partial 
solution in face of the amount of traffic 
susceptible of loss to the road. 


IJ. — Railways and airways. 


1. The question of the competition be- 
tween railway and airway presents very 
different characteristics according to the 
country of the different railway admi- 
nistrations consulted. In Switzerland for 
example, in view of the topographical 
conditions of the country and the short 
distances, the development of air services 
is not likely to have any great effect on 
the railway. On the contrary certain in- 
ternational air services via Switzerland 
make use of the transalpine railways over 
certain sections, and consequently it is 
possible that the development of travel 
by air may in this case be advantageous 
to the railways of this country. In Po- 
land there is very useful collaboration be- 
tween the railway and air services. 

Consequently the present development 
of the air services is not very harmful to 
the railways, though certain French Rail- 
ways, for example, mention the case of 
the air service between Paris and Am- 
sterdam on which the Farman and K.L.M. 
lines carried 400 tons of mail during 
1920, obviously at the expense of the 
railway. 

From the point of view of passenger 


the 


traffic, the German railways mention a 
loss in receipts chiefly as regards the 
luxury classes, due to air competition. 
In Denmark the air services are greatly 
favoured by commercial travellers. 

The transport of mails would seem to 
be best covered by the air services. Jn 
view of the special conditions, however, 
by which the railways of most countries 
are obliged by law or the terms of their 
concession or agreements with the diffe- 
rent Governments to assure the postal 
services, this competition does not seem 
to be very severe and there are few or no 
means of avoiding it. 

The German State Railways 
that in 1929, 300 tons of letters 
cels were carried by air. 

As regards goods traffic, commercial 
aviation is only in its initial stages, and 
the railways the most affected thereby 
are not yet in a position to estimate the 
degree of harm this competition may do 
to them. As an example the Netheriands 
Railways have observed a real decrease 
in certain export traffic, particularly in 
the export of cut flowers. 

Other concrete examples are given by 
French Railways as regards the 
transport of gold between England and 
Paris, and the Ha port of laces from Bel- 
gium. 

In general the classes of goods most 
affected are naturally those which weigh 
the least, or goods of high value, or those 
which require particularly fast transport. 
Consequently these goods do not repre- 
sent any great tonnage, but on the other 
hand are those which are rated the high- 
est on the railways and can therefore 
have an appreciable effect on the re- 
ceipts. : 

As regards the transport of goods, par- 
ticular notice should be taken of the fact 
that the night air services are still few 
and far between, and when it is a ques- 
tion of transport over great distances cer- 
tain airway undertakings prefer to make 
use of the railway during the night and 
pick up the goods in question again the 
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following morning, avoiding in this way 
a night flight of 600 to 800 km. (370 to 
500 miles) with the load in question, 

Certain air services have organised 
their services in this way. For traffic 
carried in this way lower rates are in 
force than would be the case if carried 
by air over the whole distance, but they 
are always higher than the highest rail- 
way rates. 

This leads the air services to make use 
of the fastet trains, and, thanks to the 
lower railway rates, enables them to 
make up for the lower rate they them- 
selves charge for the total distance. 

In general it can be said that the most 
suitable traffic for airways is that of the 
mail because the rates are very high in 
comparison to the weight. 

There is no other class of goods capa- 
ble of supporting, either from the point 
of view of weight or volume, the rates 
applied to the transport of postal packa- 
ges. 

Most commercially organised, air ser- 
vices take the postal traffic as their base 
and there are also cases in which from 
the technical point of view the condi- 
tions laid down for the postal traffic do 
not fit in with the requirements of goods 
and passengers traffic. 

The machines used for the mail ser- 
vices are light, rapid. and economical; 
passenger planes are heavy, slower and 
very expensive. Planes for goods serv- 
ices need to have a much greater capa- 
city than that of the mail planes. 


2. —- In most cases when air services © 


are in competition with the railway, the 
reason why the air services are preferred 
is one of speed; in some cases it is chea- 
per to travel by air than by railway in 
the luxury classes. 

In Germany, the rates of some of the 
air lines are based more or less on those 
of the railway, but in most cases they 
are appreciably higher. 

In Belgium, the only advantage seems 
to be the greater speed; the fares are 
always higher than by rail. Between. 


Paris and Brussels for example the jour- 
ney by air takes less than two hours, 
while the express trains takes three and 
a half hours. It costs 350 francs to go 
by air, while the first class railway tic- 
ket is under 300 francs. 

In France, this competition is found 
under different aspects especially from 
the point of view of the rates. In fact, 
for certain journeys it is cheaper by air 
than by rail. On the London to Paris 
service, for example, a return ticket costs 
600 franes; a first class ticket by rail 
and steamer is 725 frances via Calais and 
674 via Boulogne. 

In Holland also, there is competition 
from the point of view of the rates in 
favour of the air services. It costs 48 flo- 
rins to go from London to Amsterdam by 
air; by train and steamer it costs 40.40 
florins, excluding the supplement for 
sleeping-car, saloon-car, restaurant-car, 
etc... The journey takes 2 1/2 hours by 
air and nearly 12 hours by railway 
(steam traction). 

In Poland, the air services profit solely 
because of their greater speed, the dis- 
tance being more or less the same for 
both methods of transport. For example 
the distance between Warsaw and Poz- 
nan is 285 km. (177 miles) by air and 
is covered in 2 hours 10 minutes, while 
the distance by rail is 304 km. (189 mi- 
les) and the express trains take about 
5) hours. : 

In Switzerland, the advantage of air 
travel taking a shorter time is lost to 
some extent. by the time lost at the aero- 


drome, as well as the short distances of 


the air routes in the country itself. The 
air rates, though relatively cheap, as 
they are not much higher than 2nd class 
railway tickets, do not make up for this 
drawback. 

In Czechoslovakia, the rates for pas- 
senger air services are the same as Ist 
class fares by express trains. The com- 
petition is therefore only helped by the 
greater speed of the air services. 

In Jugoslavia, the air rates are so high 


me 
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that the danger of competition is appre- 
ciably lessened in spite of the enormous 
advantage as regards speed. Thus the 
distance between Belgrade and Zagreb 
which is 4285 km. (270 miles) is covered 
by air in 2 1/2 hours while the express 
trains take about 9 hours. 


3. — The measures taken up to the 
present to combat air competition are 
few in number in view of the fact that 
the railways have not yet paid much at- 
tention to this question. 

The German Railways, however, who 
have begun to feel the effects of this 
competition for distances of less than 
300 km. (186 miles) which already 
represents a real disadvantage for the 
railway — have occupied themselves 
with the question of conserving passen- 
ger and goods traffic which might be ta- 
ken from them by the air services in this 
way, and with this object have come to 
an agreement with the « Deutsche Luft 
Hansa » for the establishment of joint 
services, which, though they may seem 
in some way to benefit even more the 
air traffic, on the other hand assure to 
the railway its own particular short dis- 
tance traffic which otherwise might be 
lost to the completing road services. 

In France also, part of the traffic lost 
is being regained, but it must be admitted 
that the measures taken are ineffective 
in view of the fact that the air transport 
services are able to change their rates 
without warning, while the railway has 
to comply with the legal restrictions in 
force in this matter. : 


4, — No special authorisation is neces- 
sary to enable the railways to run air 
services, with the obvious exception of 
the legal prescriptions regarding altera- 
tions in the rates. 

The fundamental reason is that since 
the War the transcendent iniportance of 
aircraft from the military point of view, 
since they cannot be produced suddenly, 
has been sufficiently proved. Conse- 
quently most countries have not only to 


subsidise aeroplane builders, but also 
to look for new improvements and _ bet- 
terments in practical aviation. In fact 
it may be said that up to the present the 
commercial utilisation of aircraft seems 
to have been considered from this point 
of view rather than from that of a trans- 
port undertaking. 


5-6. — In Germany, the agreement with 
the « Luft Hansa » was made the 1 Sep- 
tember 1928 and still applies to passen- 
gers and luggage, under a slightly modi- 
fied form; at the present time a proposal 
is being investigated which takes into 
account the standards imposed in agree- 
ment with the International Railway 
Union. There is a similar agreement 
with the « Luft Hansa » for goods traffic. 

In Belgium, there is an agreement as 
regards goods traffic between the Bel- 
gian railways and the S. A. B. E. N. A. 
(the only Belgian undertaking organised 
for air transport) the clauses of which 
are more like those relating to contract 
services than those of the combined ser- 
vices between different railways. There 
is no agreement in the case of passenger 
services. 

In Denmark, there is an agreement of 
this kind for issuing tickets between Co- 
penhagen and Malmoe to passengers who 
go by air and return by railway or yice- 
versa, 

In France, combined rail and air rates 
are being considered. 

In Holland, though there are no agree- 
ments for combined services certain sta- 
tions accept consignments for reconsign- 
ment by air from Amsterdam and Rotter- 
dam, forwarding them in this case by 
fast trains in correspondence with the 
timetables of the air services. 

In Sweden, there are contracts for 
combined traffic in the case of parcels 
and express consignments which are 
accepted at certain stations for carriage 
to Berlin, Hamburg, Vienna, Amsterdam, 
Paris and London, on the basis of joint 
transport contracts, the responsibility as 
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regards carriage effected by railway 
being fixed in agreement with the deci- 
sions of the Berne Convention. 

In Switzerland an agreement has been 
made with the « Swiss Air Company » 
for combined traffic between the air 
service and the railway, as regards the 
transport of goods; but up to the present 
it has not been made use of. 


fig It goes without saying that the 
greater part of the goods traffic of the air 
services has been taken away from the 
railway, although it cannot be denied 
that the railway has also profited by 
some increase in traffic thanks to this 
evolution; in the case of passenger traf- 
fic, the air service takes away from the 
railway its richest customers, those who 
consequently pay the highest rates. This 
is the general opinion of the railway ad- 
ministrations who replied to our ques- 
tionnaire, with the exception of the Bel- 
gian, Swedish and Swiss railways, who 
state that at present the air services can 
be considered as collaborators with the 
railway, to which thanks to such services 
they bring new traffic. 

The German Railways state that the 
« Luft Hansa » recruits passengers among 
students, for example, in order to fill up 
vacant places in its machines, carrying 
them at rates equal to those of 3rd-class 
express train tickets, and they add that 
it can be definitely stated that those who 
now travel by air formerly travelled by 
railway. 


8. — Although, from the point of view 
of comfort of the passengers much pro- 
gress. has been made recently, by equip- 
ing the aircraft with closed cabins, com- 
fortable seats, and even heating them, in 
this field they still cannot be compared 
with the railway, above all because of 
the limited amount of space available. 
Furthermore the restaurant and sleeping- 
car services now found on most modern 
trains are still lacking on most machines, 
except in the « de luxe » planes. And 
even these cannot compete with the great 


European expresses from the point of 
view of comfort. 


9. There is a night air service for 
the transport of mails between Brussels 
and London, and also in Sweden; the 
question of introducing such a service is 
being studied in France, Switzerland, 
and Czechoslovakia. In Germany, there 
are already night services over 4 routes 
for passengers, a total of 1400 km. (870 
miles) and over 2 routes for goods. These 
services will be extended with the in- 
troduction of light signalling for mark- 
ing the way. 


10. — At the present time, the air trans- 
port services are not in a position to sup- 
port themselves. They exist thanks to 
official aid which is given under vari- 
ous forms: subsidies, safety installations, 
signals, meteorological services, organ- 
isation of air ports, and in general auxi- 
liary services of all kinds. Furthermore, 
account must be taken of the rents paid 
to the owners of the land occupied by 
the aerodromes and installations. 

In some countries, not only are the air 
undertakings allowed to use the military 
aerodromes and aviation services, but 
they are also given subsidies in kind. 
Furthermore, in Germany the State sup- 
ports an Aviator Pilot School and assists 
the factories making equipment and mo- 
tors, by setting aside large sums of money 
for scientific and mechanical exper- 
iments in connection with aviation, 


11. — a) In all countries connected 
with the Railway Administrations con- 
sulted by us, there is adequate legisla- 
tion as regards the setting up of air serv- 
ices for commercial purposes. As a gen- 
eral rule, it cannot be said that there is 
absolute freedom as regards the working 
of such services, nor that there is a mo- 
nopoly, as in Belgium for example where 
it is in the hands of the S. A. B. E. N. A, of 
which the State is a shareholder. 

In the conditions laid down by the 
Swiss legislation for the concession of 


ANAT 
xr 


lines there is a tendency to favour the 
national undertakings, without however 
excluding foreign enterprises, especially 
when it is a case of international lines, 
with the exception of cases where no 
reciprocal treatment is granted by the 
owning country. 

In Poland, the concession can be given 
to any national undertaking which gives 
sufficient guarantees for the proper 
working of the service and the safety of 
the passengers. 

In Germany, the law on air traffic of 
the 1 August 1922 uniformly regulated 
this traffic over the whole of the coun- 
try. The decree of the 19 July 1930 laid 
down certain additional requirements, 
and authorised the railways to include 
in their rates the participation of the air 
services. Undertakings devoted to air 
transport must first of all be authorised 
by the Government of each country con- 
cerned if their activities extend beyond 
the Reich, otherwise the authorisation of 
the German Government suffices. The 
Ministry of Communications has granted 
more than 50 such authorisations though 
at the present time there are only 3 im- 
portant accredited air service undertak- 
ings. 

b) Mail carried by air is in all cases 
charged for at a higher rate than the 
ordinary mail. This additional tax va- 
ries according to the country of desti- 
nation and in most cases is calculated 
on the weight of the letters and parcels. 

The night service between Brussels 
and London carries mail without extra 
charge. In Sweden, a supplement of 0.10 


Swedish crown is charged for every 
20 grammes (0.7 ounee) or fraction 


thereof, on letters carried by air to any 
European country, but according to the 
information given by the railways of 
this country, this traffic is carried by 
air even when the additional tax is not 
paid. 

In Belgium, the S. A. B. E. N, A. has the 
monopoly of the air mail; we have. not 
however been informed of other similar 


agreements between the State and air 
transport services in other countries. 

In Spain, the first commercial lines 
connecting the capital to other impor- 
tant centres at an average of 500 km. 
(310 miles) from it, were set up by a 
company to which the State granted the 
monopoly of the subsidy. 

No air services can be set up without 
a preliminary concession from the State, 
but as a rule the State only subsidises the 
accredited line, so that practically speak- 
ing there can be no other lines than 
those subsidised. 

At the present time, the regulations 
concerning such concessions have been 
slightly modified in the sense that the 
services are carried out on behalf of 
the State and depend upon legislation 
which seems to turn in the direction of 
requiring such services, as concessions 
of the State, to be made over to private 
companies, i, e., leased out. 

The subsidised air services made some 
return in the case of passenger trans- 
port for a time; the goods traffic remains 
small. 

12. — There are contracts for combin- 
ed railway and air services in Germany, 
Belgium, and Switzerland. 

In France, such contracts are. still 
under investigation. In Switzerland the 
agreements made between the railway 
companies and the air service company 
provides for direct consignments to be 
made between any railway station and 
any Swiss aerodrome. 

In Germany, the railways apply rates 
which are added to those of the air sery- 
OOS, 

In Belgium, the express parcels rates 
increased by 25 % are applied on the 
railway, and the air service has its own 
rates. In Sweden the rates are independ- 
ent and the service conditions are those 
in force in each case. ~ 

In France, where, as we mentioned 
above, the contracts are still under con- 
sideration, there are nonetheless certain 
correspondence services, such as the Pa- 
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ris to Toulouse, and Toulouse to Casa- 
blanca routes, Moreover, in Paris it is 
possible to buy at the same time as a 
railway ticket to Strasburg a correspond- 
ence air ticket making it possible to con- 
tinue the journey by air to Prague, War- 
saw, Vienna, Budapest, Bucarest, Sofia, 
or Istanbul. 

13, In Germany, the « Deutsche Luft 
Hansa» Company is responsible for claims 
lodged in respect of error, damage, and 
delays, the railway sharing in this res- 
ponsibility to the extent laid down in the 
conditions governing the transport. If 
the railway is in the wrong it must reim- 
burse to the said company the amount 
of the claim; in undetermined causes or 
those attributed to both methods of 
transport, the amount is divided up ac- 
cording to the distance in kilometres. 
This procedure is also followed as. the 
result of a judgment in the law courts, 
or after a legal decision which the rail- 
way had previously agreed to accept. 

In Belgium the responsibility of the 
railway as regards the transport of goods 
over its system is laid down by the law 
of the 25 August 1891. 

In the case of air transport, however, 
no claim can be lodged in case of loss, 
damage, or delay, unless the interested 
part previously insured his consignment 
against loss or damage (never against 
delay) by paying the air transport com- 
pany a premium independently of the 
transport rate. 

In Poland the responsibility is limited 
to 20 000 Zl. per person, and 200 ZI. per 
consignment of goods. 

In Switzerland, the railways refuse all 
responsibility towards the public, as they 
only carry out the transport on behalf 
of the air company, As a result the res- 
ponsibility of the air company which is 
even heavier than that of the railway 
covers the whole journey, Cases of « force 


majeure » or the faults of third parties 


do not thereby exclude all responsibility, 
14. — Agreements made between the 
railways and air transport undertakings 


which relate to the continuation of the 
interrupted journey, if the air service 
breaks down, are in force in the follow- 
ing countries. 

In Germany, the passengers are aliow- 
ed to continue their journey by rail 
without charge in the case of services 
coming under the agreements made with 
the «< Deutsche Luft Hansa >, 

In Belgium, there is an agreement be- 
tween the railways and the S.A.B.E.N.A., 
by virtue of which passengers forced to 
leave the aeroplane before the end of 
their journey can choose between con- 
tinuing by rail first-class, without having 
to get a ticket (this being paid for after- 
wards by the air company to the rail- 
way) or being reimbursed the amount of 
the air ticket for the unused distance. 


In France, the Nord Railway Compa- 
ny has made agreements of this kind 
with the two companies working the air 
service between Paris and London, so 
that in case of forced landing the pilot 
can draw up an order upon the nearest 
railway station to issue railway tickets 
to the passengers (afterwards paid for 
by the air company) and can ask for a 
train to be stopped at the nearest point, 
even when there is no regular stop there, 
to pick up passengers from the aero- 
plane. 

The French Est and Paris-Lyons-Medi- 
terranean Companies have similar agree- 
ments with other air transport compa- 
nies serving the lines between Paris and 
Strasburg, Paris and Sarrebruck, Paris, 
Lyons and Marseilles, and Lyons and 
Geneva. 

The French State has adopted the 
same procedure in the case of the air - 
services between Paris and Havre, and 
Paris and Cherbourg. No agreement of 
this kind has however been made with 
the « Aéropostale » Company. 


In Switzerland, an agreement of this. 
kind is about to be made with the « Swiss 
Air » Company. 


In Sweden also, there are legal agree- 
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ments with the Swedish Air .Transport 
Company in conformity with the regula- 
tions of the International Railway Union. 

In Poland, passengers are authorised 
to continue their journey by rail at the 
expense of the air service. The pilot is 
obliged to put them into communication 
with the railway and refund them the 
cost of their tickets. 


15. — The luggage of passengers tra- 
velling by air can be carried by rail in 
nearly every country at unaccompanied 
luggage rates. In Holland, this traffic is 
handled under special ‘conditions, the 
rates being three times those applicable 
to unaccompanied luggage. In I’rance 
there is in addition a special express 
rate 100 bis on the Midi-Orleans Railway, 
which governs the conditions under 
which consignments for the air services 
from Toulouse are carried by express 
train between Paris and Toulouse. 


16. — There is a combined air and 
rail service for carrying the mails in 
Poland, and in Sweden, under the con- 
trol of the Post Office, and in Czecho- 
slovakia, in cases where there is no 
direct air service and with the reserva- 
tion that the establishment of such com- 
bined services is beneficial to the rail- 
way. 

In Switzerland the Post Office admin- 
istration which holds a monopoly for 
carrying the mails, has not introduced 
as regards the international traffic a 
combined air and rail service for letters 
which have not paid the air service ad- 
ditional tax. On the other hand, the or- 
dinary mail goes by air so as to use to 
the full extent the capacity of the flying 
machines. 


17. — To our question if the railway 
in certain cases acted as agent for the 
air services, we received the following 
replies : 

In Germany, it cannot be said that the 
railway acts as an agent for the air serv- 
ices in order to obtain traffic. Colla- 
boration between the one and the other 
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only exists in order. to assure the conti- 
nuation by railway in case of interrup- 
tion in the service by air. 

In the case of combined goods traffic, 
the public makes its agreement with the 
air company and the railway only acts 
as an intermediary..in order to carry out 
the transport over:.a given route not 
served by the air lines. 

In Belgium up to the present the fol- 
lowing measures have been found suffi- 
cient : publication of the timetables of 
the air services in the railway guides, as 
well as their advertisements; informa- 
tion given at stations as to the facilities 
granted by the passenger air services of 
the S. A. B: E. N.A., ‘and issue of air 
tickets on request, this latter being done 
free of charge. 

In Sweden the railways act as agents 
for the air services through their tourist 
agency offices. 


18. — As regards goods rates applied 
to air transport, no case has been reported 
in which such rates are based on the 
naiure of the goods. The weight of the 
consignment and the distance alone are 
taken into aecount, and it is not even 
possible to establish any relationship be- 
tween the bases adopted by the different 
lines, aS these belong to different’ coun- 
tries and have very little in common. 

In most cases special rates are applied 
for the transport of very bulky goods of 
great value, livestock, etc. 

In France, there are also special rates 
for consignments of goods in large quan- 
tities and consignments of cut flowers, 
and likewise in Sweden for the transport 
of fruit, vegetables, and cut flowers. 

In Poland, the rates for carrying lug- 
gage and goods are calculated on 1 % of 
the amount of the ticket per kilogramme 
of weight. Exceptionally, in Greece, a 
uniform base of 6 drachmes per kgr. of 
weight is applied, except in the case of 
goods whose bulk is disproportionate 
to their weight, which are taxed at the 
rate of 6 drachmes per cubic decimetre. 
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Conclusions. 


1. — In its present stage of develop- 
ment the competition of air transport 
does not appear to be very harmful to 
the railway. 

As a rule the air services depend to a 
large extent on the subsidies granted 
them by the Governments. 

2. -— The existence of commercial air 
services would seem to correspond ra- 
ther to the needs and convenience of the 
State — which supports this industry in 
order to assist in its development — than 
to the building up of a real element of 
public utility from the point of view of 
transport within each country. 


3. — The introduction of air services 
would appear to be of use particularly in 
the case of international traffic and so 
long as it is over long distances. In 
addition for there to be any great deve- 
lopment under these conditions the ma- 
chines, landing stages, and signalling 
must be much improved, so as to make 
it possible to have night services. Un- 
less this is done it will always be more 
convenient for business men travelling 
by night, who wish to save time, to 
make use of the express trains with 
comfortable sleeping cars than to break 
the journey so as to be able to continue 
it by air the next day. 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


XII SESSION (CAIRO, 1933). 
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QUESTION Il: 


The relationship between the vehicle and the track 
to ensure safety at high speeds. 


A. Weight of vehicles per axle, position of the centre of gravity, wheel arrangement, layout 


to facilitate running through curves. 


B. Track resistance, widening of gauge, radius of curves, superelevation, transition curves, 


points and crossings, check rails. 


REPORT No. 2 


(AU countries except America, Great Britain, Dominions and Colonies, China, 
Japan, Germany, Denmark, Finland, Norway, Spain, Netherlands, Portugal 
and their Colonies; Sweden and Switzerland), 


by Dr.-Ing. Hynek DEYL, 


Conseiller ministériel et chef du département IV/5 au Ministére des Chemins de fer 
de Tchécoslovaquie; Prague. 


The question dealt with in this report 
is one which by its character comes 
within the practice and: study of the 
civil and mechanical engineers. The long 
evolution of railways has led to the 
introduction into the construction of the 
railways and the rolling stock of admi- 
rable improvements in each department 
separately. The increasing demands of 


the operating department both as regards. 


speeds and axle loads have made neces- 


sary a deeper knowledge and closer ob- 


servation of the forces and of their 


actions, so as to improve the construc- 


tion and to make railway travel still 
safer. 
distribution, and transference of the 
forces at the points of contact of the 
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It is remarkable that the action, 


vehicles with the track have remained 
so long and still remain to a large extent 
hidden and unexplored. The cause pro- 
bably resides in the excessive speciali- 
sation between the different technical 
services and the lack of sufficiently close 
collaboration, especially when it is~a 
question of high running speeds. Now 
it is precisely on high speeds as well as 
on their ability to carry heavy loads that 
the future existence of railways depends. 
The fact that the International Railway 
Congress Association has drawn atten- 
tion to the question should therefore be 
received with satisfaction. 

The relation between the wheel and 
the rail has ben discussed very fre- 
quently with interest in the technical 
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press throughout the world; nonetheless 
many uncertain points in the different 
problems that arise still remain without 
explanation. The field covered by the 
question dealt with in the present report 
is too vast for it to be possible to deal 
with it fully in a limited space and time. 
We have however endeavoured to devel- 
op as fully as possible the various points 
in our questionnaire. 

In spite of the short time allowed them 
many Administrations have sent in their 
replies with the necessary technical do- 
cuments, We take this opportunity of 
thanking them. Unfortunately it is not 
possible to reproduce in extenso the 
whole of the information sent in, and 
we have had to limit ourselves to mak- 
ing brief references thereto. 


* 
* * 


The question has been divided into 
two parts : 


First part: The vehicle; 
Second part: The track. 


The Ministry of Railways of the 
Czechoslovakian Republic has allowed 
me to act as reporter on this question. 
I found it necessary however to divide 
the work. I have dealt with the second 
part : Track, whereas the first part : The 
Vehicle, has been written with the assis- 
tance of an engineer in the Locomotive 
Running Department, Mr. R. Fasse, Mi- 
nisterial Councillor and head of depart- 
ment V/3 at the Ministry of Railways at 
Prague. 


Part I : THE VEHICLE. 


The present report includes the inform- 
ation supplied by the different Rail- 
way Administrations about rolling stock 
for speeds of not less than 90 km. (56 
miles) per hour. This speed should be 
considered as the lower limit, speeds in 
excess of this limit being already consi- 
dered as high. 


I. — General construction and running 
gear. 


What designs of rolling stock (loco- 
motives, tenders, motor coaches, and 
passenger carriages) do you use for high 
speeds ? 


From the replies received it appears 
that, four, six and eight-coupled locomo- 
tives are used, the first dating from 
earlier periods than the present, when 
the work required from the locomotives 
was not so great (trains were formerly 
not so heavy as they now are). The six- 
coupled locomotives are the most usual; 
eight-coupled locomotives are already in 
use however, especially for hauling the 
heaviest express trains and to get high 
acceleration when starting. 


With few exceptions the steam loco- 
motives have one bogie with two pairs 
of carrying wheels of equal diameter. 
On some Italian locomotives the first car- 
rying axle is connected to the first 
coupled axle to form a bogie on the 
«Italian» system. For the most recent 
design of locomotive for a speed of 
130 km. (81 miles) per hour (I 691), the 
usual type of bogie has again been used 
as this makes it possible to run easily 
through the curves and at the same time 
reduces the lateral thrust of the wheels. 


A pair of carrying wheels at the trail- 
ing end is used when the weight of the 
locomotive and the maximum allowable 
axle load make it necessary. These 
wheels are divided up almost equally 
into wheels with side movement and 


bissel trucks, these latter being used. 


especially in the case of the most recent 
locomotives. 


In the countries dealt with in the pre- 
sent report the different cylinder arran- 
gements used are as follows : four-cylin- 
der compound locomotives are used 
exclusively on the French State, Alsace- 
Lorraine, Est, Nord, Paris-Lyons and 
Mediterranean (including the Algerian 
lines) Railways; on the other French 


at 
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Railways, they are in a majority on the 
Paris-Orleans and about half the stock 
on the Midi. The Italian locomotives 


are equally divided between simple and 
compound engines (mostly four eylin- 
ders), whereas in Belgium simple expan- 
sion predominates (two and four cylin- 


Number of pairs 
of coupled wheels. 
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ders). Simple expansion engines are 
used in Egypt, Jugoslavia and Poland 
alone (two cylinders), in Rumania with 
two and four cylinders, and in Czecho- 
slovakia with three cylinders. 

The part played here by the coupled 
wheels is shown in the following table : 


Wheel arrangement. 


Simple expansion 


ay 3 4 4-cylinder compound 
erlnticess locomotives. 
| 
4 oie | 
1 4 
4 So 
5 L 
5 4 6 
3 it Bee 4 10 
1 ; 1 
1 308 
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a 
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The fenders have three or four pairs 
of wheels, either carried in two bogies 
or rigid. 

The water and coal capacity differs 
considerably: in the six-wheeled tenders, 
12 to 25 m2 (425 to 880 cubic feet) of wa- 
ter and 4 to 8 tons of coal are carried; in 
the eight-wheeled tenders 20.8 to 37 m? 
(735 to 1305 cubic feet) of water 
(French Nord) and 6 to 14.5 tons of coal 
(Czechoslovakia). The fotal wheel base 
in the case of the six-wheeled tenders is 
between 3 200 and 6500 mm. (10 ft. 6 in. 
and 21 ft. 4 in.) (Italy: water tank wagon) 
and the diameter of the wheels varies 
between 1095 and 1 230 mm. (3 ft. 7 1/8 
in. and 4 ft. 7/16 in.); for the eight- 
wheeled tenders, the distance between 
the bogie centres is 4750 to 6550 mm. 
(15 ft. 7 in. to 21 ft. 6 in.); if the case 
of rigid wheel base tenders, the largest 


-distance is 4110 to 4572 mm. 


Gist it 
5 13/16 in. to 15 feet) respectively; the 
diameter of the wheels varies between 
920 and 1247 mm. (3 ft. 6 1/4 in. and 
4 ft. 5/64 in.). The bogie wheel base 
varies from 1 800 to 2 300 mm. (5 ft, 11 
in. and 7 ft. 9/16 in.), so that the total 
wheel base of the bogie tenders varies 
between 5400 and 6550 mm. (17 ft. 
8 9/16 in. and 21 ft. 6 in.). 
_ The distance between centres of the 
two leading pairs of wheels of six-wheel- 
ed tenders is usually greater [1750 to 
2.800 mm. (5 ft. 9 in. to 9 ft. 2 1/4 in.) ] 
than that of the two trailing pairs of 
wheels [1 250 to 1900 mm. (4 ft. 3/16 in. 
£026 ft,.2).25/32 in, )ee 

When these dimensions are the same, 
they vary between 1700 and 3 250 mm. 
(5 ft. 7 in. and 10 ft. 8 in.) (Italy : water 
tank wagon). 


The weight per axle on the tenders 
begins on small capacity tenders with 
10.1 t. (10 Engl. tons) [Paris-Orleans 
12 m® (882 cubic feet)] and rises to 
19.25 t. (19 Engl. tons) for large tenders 
(Nord 35.101). Whereas for eight-wheel- 
ed tenders, the individual axle loads are 
approximately the same, they vary con- 
siderably in the case of six-wheeled ten- 
ders; the load on the leading pair of 
wheels especially is either heavier and 
on the two trailing pairs of wheels con- 
nected by the equaliser lever are lighter 
(Midi, Paris-Orleans) or the opposite 
way round (Paris-Lyons-Mediterranean), 

The total weight in working order of 
the tenders is from 31.2 to 76.9 t. (31.7 
to 75.6 Engl. tons). 

The Rumanian State Railways have 
not had favourable results with eight- 
wheeled rigid-base tenders, as they fre- 
quently came off the road. 

The electric locomotives on railways 
using electric traction (Midi, Paris-Or- 
leans, Italy, French State) are shown in 
table I. (4) 

They can be divided according to the 
wheel arrangement into three main 
groups : 


1) locomotives with two motor bogies 
each with two pairs of wheels; 


2) locomotives with the -driving 
wheels in the main frame, and carrying 
bogies; 


3) locomotives with two motor trucks 
which in addition to the rigid driving 
wheels in the truck frames have carrying 
bogies. 


The locomotives of the first group are 
used generally for speeds of 95 km. (59 
miles) per hour; some Administrations 
report that the bogies have to be con- 
nected together elastically if they are 
to run smoothly. On the other hand the 
French State Railways’ locomotor E runs 


(?) Tables 1 to 9 are given as appendices to Part I. 


with Pennsylvania type bogies at speeds 
up to 110 km. (68 miles) per hour. Lo- 
comotives of the-second group have 
three or four pairs of driving wheels in 
the frame, and their speed is as high as 
130 km. (81 miles) per hour; the locomo- 
tives of the last type have six pairs of 
driving wheels (three pairs in each mo- 
tor truck) for speeds up to 105 km. 
(65 miles) per hour. It must be men- 
tioned however that the Paris-Orleans 
locomotive E 601 worked in an entirely 
satisfactory manner in ordinary traffic 
up to a speed of 100 km. (62 miles) per 
hour; for higher speeds [over 110 km. 
(68 miles) per hour] considerable hun- 
ting of the trucks was noticed, so that it 
would seem that this figure is the limit 
with electric locomotives with articu- 
lated frames. 

The method of driving the locomotives 
is as follows : 


1. One or two motors driving each 
pair of wheels independently (Paris- 
Orleans E 501, 601 — French State BB 1, 
101, 225 —— Paris Lyons-Mediterranean 
202 Alsace Lorraine E — Italian State, 
E 326 — French State, locomotor) ; 


2. Two motors driving one pair of 
wheels by triangulated rods and_ the 
other pairs of wheels by coupling rods 
(Paris-Orleans, 401 — Italian State, E 
330, 421); 


3. Quill and connecting rod drive (Ita- 
lian State E 332). 


_The Administrations who haye given 
details of the methods of transmission 
used on their locomotives with indepen- 
dently driven wheels, use either the 
Riichli or the Oerlikon transmission sys- 
tems or spring supported motors of the 
tramway type. 

The construction of the four-wheeled 
bogies does not differ from that of bogies 
used on steam locomotives; the French 
State locomotor E uses Pennsylvania bo- 
gies. Bogies with a carrying axle and 
a motor axle are used on the Italian 
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State locomotor E 330, 431 (Zara) and 
E 432; their construction is also the same 
as that of such bogies on steam locomo- 
tives. 

The passenger carriages used for high 
speeds are usually eight-wheeled and it 
is only exceptionally that six-wheeled or 
even four-wheeled carriages are used. In 
recent times the coaches have been built 
with metal bodies as these are safer at 
high speeds. The outside of the body is 
made as smooth at possible, so that the 
air resistance, when running, may be re- 
duced to the minimum. Inside the body 
is lined out with metal or wood. The 
floor is metal covered with a layer of 
magnesian cement, or is a metal and 
wood, or a double wood floor. Carria- 
ges with wood bodies are also in use 
in trains running at high speeds. 

. The rail motor coaches only excep- 
tionally attain speeds of 90 km. (56 mi- 
les) per hour [the electric motor coach 
of the French State Railways, 90 km. 
(56 miles) per hour; French Midi 85 km. 
(53 miles) per hour; and the Czechoslo- 
vakian State Diesel electric now being 
built a speed of 90 km. (56 miles) per 
hour], and consequently most of these 
carriages do not come within the pre- 
sent report. The design so far as it con- 
cerns their adaptation to high speeds 


follows that of eight-wheeled passenger 
carriages, the bogies naturally being ar- 
ranged to enable the electric motors to 
be fitted. They are generally coupled 
to a trailer. 

The steam rail motor coach of the 
Egyptian State Railways differs in con- 
struction from other such vehicles as it 
consists of two bodies carried on two 
outer pairs of wheels with a centre bogie 
common to the two bodies and also car- 
rying the steam boiler. The details of 
the construction of this vehicle are how- 
ever not given. 


A. — Steam and electric locomotives. 


1. Overall wheel base, distance be- 
tween pairs of wheels, weight per azle, 
and diameter of the wheels. 


2. Rigid wheel base and guided length. 


3. Length of the radius rod of the car- 
rying pairs of wheels and bogies requir- 
ed for them to suit the curves. 


The overall wheel base depends upon 
the essential features in the design of the 
engines (output, axle load, wheel dia- 
meter); this distance varies between the 
limits shown in the following table : 


Wheel Total wheel base. Rigid wheel base. Cuided jempttt 
arrangement. Cc 
toon eee Nail eer cern Shee teen ee eS ee 
7 Millim. (Ft.-in.). Millim. (Ft.-in.). Millim. (Ft.-in.). 
440 7 035—8 000 2 744—3 000 0.37—0.4 6 046—6 900 
(23 ft. 1 in—26 ft. 3 in.). (9 ft.—9 ft. 10 1/8 in.). (19 ft. 10 in.—22 ft. 6 11/16 in.) 
4—4—2 8 500—10 750 2 090—4 650 0.21—0.55 5 065—7 550 
| (27 ft. 10 5/8 in.--35ft. 31/4 in.)} (6 ft. 10 9/32 in —15 ft. 5 in.). (16ft. 711/16 in.-24 ft. 9 1/4 in.) 
4 6—0 7 7 885—9 100 3 930—4 950 0.49—0.56 | 6 885—8 000 
: (25ft. 10 7/16 in.-29ft.101/4in.)] (12 ft. 10 3/4 in.—16 ft. 3 in.). (22 ft. 7 in.—26 ft. 3 in.). 
4—6—2 10 420 3 900—4 200: 0.35—0.39 6 420—7 200 
(34 ft. 21/4 in.). (12 ft.9 9/16in.—13 ft.93/8in.). (21 ft. 3/4 in.—23 ft. 71/2 in.). 
480 9 540 ; 3 550 0.37 8 270 
(SE Tt.3 5/8 in.). Ciltte(isy loam). (27 ft. 13/8 in.). 
4—8—2 13 170—13 200 6 000—6 150 0.45—0.47 8 500—8 850 


(43 ft. 21/2 in.--43 ft. 33/4 in.) | (19 ft. 81/41 


n.—20 ft. 2in.). 


(27 ft. 105/8in.—29 ft. 7/16 in.) 
ee — 


> 
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From the above information the maai- 
mum rigid wheel base and its ratio to 


the total wheel base, as well as the 
limit of the « guided lengths » can be 
found. 


The guided length is the longitudinal 
distance of the parts of the running gear 
(pairs of wheels, bogie centres, etc.) 
upon which the lateral reactions act like 
a lever arm, i.e. which decide the posi- 
tion of the longitudinal axis of the vehi- 
cle on the straight and on the curve, 
centrally or uncentrally with the track. 

As regards the distance between indi- 
vidual pairs of wheels, the wheel base 
of the bogies must be mentioned. Leay- 


ing aside the two old English types 
{Belgian National Railway Company, 


(types 17, 18)] with a bogie wheel base 
of 1981 mm. (6 ft. 6 in.), the wheel base 
varies in the case of locomotives built 
on the Continent, between 2000 mm. 
(6 ft. 6 3/4 in.). [Paris-Lyons-Mediterra- 


nean, 230 C, 230 A) and 2500 mm. (8 ft. 
2 7/16 in.) (Jugoslavia 4-6-2) ]; the ratio 
of this wheel base to the standar d-gauge 
track [1435 mm. (4 ft. 8 1/2 in.)] gives 
1.39 and 1.74. 

The distance from the trailing pairs 
of wheels to the trailing coupled pairs 
of -wheels also varies with the number 
of coupled wheels. For the 4-4-2 type 
this distance is 2 400 to 3200 mm. (7 ft. 
12 1/2 in. to 10 ft. 6 in.) [omitting the 
standard length of 3 900 mm. (12 ft. 9 9/16 


in.) on the Belgian National Railway 
Company 69], for the 4-6-2, 2:300 to 
3700 mm. (7 ft. 6 9/16 in.) (Rumanian 


Railways, 23100) and for the 4-8-2, 3 270 
to. 3600 mm. (10 tb5803/4 ne tosis At. 
9 3/8 in.) (Polish State, Pu 29). 

The allowable axle load plays a very 
great part in the design. In 43 classes 
of engines the distribution of the load is 
as follows : 


= I 
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17—17.9 
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14-14 9 15 -15.9 19—19.9 | re Stee 
(13.8—14.7) | (14.8—15.6) | (15.7—16.6) | (16.7—17.6) | (17.7—18.5) | (18.7—19.6) 29.0 | 
SE Metric. (English) 105. 

| 
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Sai Kad * i kets Ghee) 


The heaviest load of 22.4 metric (22 
English tons) is on the Belgian type 10 


locomotive. Next between 19 and 19.9 t. 
there is another Belgian locomotive 


(type B 7) and three French locomo- 
tives; State 231; Nord, 3.1251; Paris- 
Orleans, 3641. In the lower range of 
18 to 18.9 t. are found the French Est 
locomotives (with the three classes 
3100, 31000 and 241000); the Midi (3501, 
3001, 3101); Alsace-Lorraine (S 14) and 
Paris-Lyons-Mediterranean (231D). For 
the rest of Europe; Italian State (691); 
Polish State (Pu 29), and the Egyptian 
State. In the limits 17 to 17.9 are the 
Rumanian State, 231000, and Jugoslav 
State, 4-6-2 and finally in the 16 to 
16.9 range, the Paris-Lyons-Mediterra- 
nean (Algerian lines), and Czechoslo- 


vakian State, 387.0. The Paris-Lyons- 
Mediterranean (Algerian lines, 230 C) 
has the lowest axle load, 14.45 t. (14.22 
Engl. tons). 


The weight in working order of these- 


locomotives varies between 52.4 (51.6 
Engl. tons) (Belgian National Railway 
Company, type 17) and 117.18 t. (115.3 
Iingl. tons) (French Est, 241000). 

As regards the diameter of the coupled 
wheels, there is a tendency to use smal- 
ler diameters than formerly, even for 
high speeds, and the limits have been 
considerably widened, as to the number 
of revolutions per minute allowed, with- 
out any drawbacks occurring in work- 
ing. 

Thus, the Rumanian State locomotives 
231000, for a speed of 120 km. (75 miles) 


_s".” 


fe 
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per hour, and a wheel diameter of 1 855 
mm. (6 ft. 1 in.), and the Italian State 
\ailway locomotive 691, with a speed of 
130 km. (81 miles) per hour and a wheel 
diameter of 2 030 mm. (6 ft. 8 in.) make 
the same number of revolutions per min- 
ute, 344; in addition, the French Nord 
locomotive 3.1251, and the Paris Orleans 
3501, 3591 and 3641, at a speed of 120 
km. (75 miles) per hour and with a 
wheel diameter of 1900 mm. (6 ft. 
v 19/32 in.) make 336 revolutions per 
minute (and a whole series of other 
locomotives give 328 revolutions per min- 
ute). 

The diameters of the leading carrying 
wheels vary between the limits of 900 
and=1 125 mm. (2) ft. 1141/2 ansand 3°ft. 
8 9/32 in.); (Italian State, 671); and as 
an exceptional case, 810 mm. (2 ft. 7 7/8 


in.) for the Paris-Orleans locomotive 
171 S; the trailing carrying wheels have 


a diameter of from 1080 mm. (3 ft. 

1/2 in.) (French Est, 241000) to 1500 
mim. (4 ft. 11 in.) (Paris-Orleans, 3001). 

A whole series of 4-6-2 type locomo- 
tives use bissel trucks, as do the 4-4-2 
and 2-8-2 type locomotives. The length 
of their radius rod varies between 
lo75 mm, (5 ft. 2>in:) (rench State, 
231; Alsace-Lorraine, $14; French Est, 
31000; Paris-Orleans, 3641) and 2 400 
mime G/ ft; 1015/32" in.) -(@rench- Est, 
241000). 

Table 1 shows that the fofal wheel base 
of the electric locomotives with two 
four-wheeled motor bogies is between 
8500 and 8950 mim. 
and 29 ft. 4 3/8 in.). The wheel base 
of the different bogies varies between 
2700-and 2950 mm. (8 ft. 10 5/16 im. and 
9 ft. 8 5/32 in.) and the distance between 
their centres between 5700 and 6100 
mm, (18 ft. 8 7/16 in. and 20 feet). The 
rigid wheel base is conditioned by the 
wheel base of the bogies, whereas the 
guided length is decided by the distance 
between the bogie centres. 

Locomotives with driving wheels car- 
ried in the main frame and with carry- 


(27 ft. 10 5/8 in. 
18.4 Engl. tons); 


ing bogies have a wheel base limit pro- 
portionally greater, 8400 to 14150 mm. 
(27 ft. 7 in. to 46 ft. 5 in.). The figure 
corresponds ito the total length of the 
locomotive, over buffers, of 10990 to 
17780) mm. (36 fte 11/16 inv to 58> tt. 
4 in.). The wheel base of the four-wheel- 
ed bogies is 2000 to 2400 mm. (6 ft. 
6 3/4 in. to 7 ft. 10 5/32 in.); the Zara 
bogies and the Italian bogies (330, 431 
and 432) with carrying and driving 
wheels have a wheel base of 2400 to 
2600 mm. (7 ft. 10 5/32 in. to 8 ft. 
6 23/64 in.). As regards the fixed wheel 
base of the wheels in the main frame, 
in the case of the Midi 3101, Paris-Or- 
leans 501 and 502 locomotives, it is 4 000 
and o-/00) mime —3) ft. 1-1/2 in: -and 
18 ft. 10 25/64 in.); the guided length 
is 6600 to 8600 mm. (21 ft. 8 in. to 
28 ft. 2 5/8 in.). The locomotives with 
trucks have the rigid truck wheel base 
of 4600 mm. (15 ft. 1 in.), and a guided 
length of 7650 mm. (25 ft. 1 in.). The 
diameters of the wheels are usually, for 
carrying wheels, 900 to 1110 mm. (2 ft. 
17 1/2 am- to 3 ft. 7 11/16 -im-)-and tor 
the driving wheels of locomotives with 
motor bogies or trucks 1200 to 1 600 
mim. (3 ft) 1115/64 in:to 5 ft; 3 in.) = 4 
the other group, from 1 630 to 1750 mm. 
(5 ft. 45/32 in. to 5 ft. 8 29/32 in.). The 
axle load of the electric locomotives 
are the same as that of steam locomo- 
tives on the different administrations; 
thus on the Midi Railway it is 18 and 
1945 te | Ga ands 19515 Enel, tons); 
Paris-Orleans, 17.3 tons to 18.7 t. (17.0 to 
Italian State (325), 15 
to 21 t. (14.8 to 20.7 Engl. tons); French 
State, for the E locomotor only, 15.65 t. 
(15.4 Engl. tones 
* 
* %: 

4. What is the amount of the side mo- 
vement (from the centre line- of the 
vehicle towards each side) : 


a) of bogies with-carrying wheels, or 


with carrying and driving wheels (for 
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example, Krauss-Helmholtz, Zara, de- 
signs, elc.); 

b) of the motor bogies of electric lo- 
comotives; 

c) of each of the pairs of coupled 
wheels and on electric locomotives, of 
the pairs of driving wheels ? 


5. What wheels have reduced flanges 
and how much are the flanges thinned 
down? What wheels have no flanges ? 


The lateral side movements (on both 
sides) are given in table 2 for the guided 
bogies, the trailing motor axles and also 
for some coupled axles of the steam 
locomotives. 

This table also gives various methods 
of reducing the flanges so that curves of 
small radius may be negotiated more 
easily. 

The extreme side movemeni of the bo- 
gies depends on the method of coupling 
of the locomotive, and amounts to, for 
type 4-6-0. locomotives, from 19 to 40 mm. 
(3/4 inch to 1 9/16 in.) (Belgian Nation- 
al, 66); type 4-4-2, 40 to 55 mm. (1 9/16 
in. to 2 3/16 in.) (Nord 2643); for type 
4-6-0, 38 to 80 mm. (1 1/2 in. to 3 5/32 
in.) (Belgian National 7, 9); type 4-6-2, 
45 to 83 mm. (1 49/64 in. to 3 1/4 in.) 
(Paris-Orleans 3591); type 4-8-0, 40 mm. 
(1 9/16 in.); and type 4-6-2, 100 to 125 
mim. (3 15/16 in. to 5 in.) (Est 241000). 

The trailing carrying pair of wheels 


is in some locomotives of the 4-4-2 type: 


fixed, or has a lateral side movement 
up to 37 mm. (1 29/64 in.) (Belgian Na- 
tional 69). In the 4-6-2 type locomoti- 
ves, these axles have all a side move- 
ment, with for exemple a side movement 
of between 25 mm, (1 in.) (Italian State 
691), and 92 mm. (3 5/8 in.) (Est 31000); 
and in the 4-8-2 type locomotives, of 
between 100 and 150 mm. (3 15/16 in. 
and 6 in.), (Est 241000). 
The coupled axles, safe in exceptional 
-cases, have no side movement viz.: 


a) the last coupled axle in the type 
4-6-2 locomotives ; Paris-Lyons-Mediter- 


ranean, 230 A, [16 mm. (5/8 in.) ]‘ and 
Italian State, 671, [10 mm. (3/8 in.)]; 
b) the trailing coupled axle in type: 
4-8-0, Polish State S 24 [26 mm. (1 1/32 
in.)]; c) the third coupled axle in type 
4-8-2, Poland Pu 29 [30 mm. (1 3/16 
in.) ]. 

The axles have only very little play 
in axle boxes, this varying between 0.8 
mm. (0.031 in.) (Egyptian), and 2.5 mm. 
(0.098 in.) (Paris-Orleans 3591); in most 
cases it is only 1 mm. (0.039 in.). 

In locomotives with the Italian bogie 
at the leading end (Italian State 640, 
685, 746) the bogie journal has a trans- 
verse movement of 30 to 45 mm. ( 1 3/16 
to 1 49/64 in.), whereas the leading coup- 
led axle moves 10 mm. (3/8 in.) on 
each side of the centre. In the Italian 
State locomotives 746 and 691, the cen- 
tres of the trailing truck have also 40 to 
50 mm. (1 9/16 to 1 31/32 in.) side move- 
ment. 

As regards reducing the thickness of 
the flanges of each pair of wheels to the 
dimension needed, the extreme move- 
ments of the bogies and trailing carrying 
wheels of steam locomotives are consi- 
dered, so that curves of small radius 
may be negotiated more easily: the sum- 
mary of the exact values reported is as 
follows : In all type 4-6-0 coupled loco- 
motives, the flange of the first coupled 
axle is made 5 to 10 mm. (3/16 in. to 3/8 
in.) thinner. In the type 4-4-2 locomo- 
tives, seeing that there is a fixed trailing 
driving axle, either one (Belgian Na- 
tional, 6) or two (Nord, 2743; Paris- 
Orleans, 30001) coupled axles have the 
flange thinned by 2 to 16.4 mm. (5/64 in. 
to 43/64 in.); as the trailing axle is 
radial in the Belgian No. 69 class, the 
flange of the first coupled pair of wheels 
is reduced by 5 mm. (3/16 in.); in the 
Egyptian locomotives, however, all the 
flanges are standard. In the type 4-6-0 
locomotives there are three cases : either 
the flanges of all the wheels are stan- 
dard, seeing that the trailing wheel is 
radial, or the flanges of the two first 
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pairs of coupled wheels are reduced 
(Est, 3100; Paris-Orleans, 4001), or as 
in most cases, the middle pair of coupled 
wheels has the flanges reduced [between 
5.8 and 16.4 mm. (13/64 in. and 43/64 
in.)| between the two outer coupled 
pairs of wheels with standard flange sec- 
tions. In the type 4-6-2 locomotives, 
three methods of doing this are also 
found: all the flanges are standard 
(French State, 231; Alsace-Lorraine, 
S14; Est, 31000) or the two first pairs 
of coupled wheels have the flanges re- 
duced [Nord 3. 1251; Paris-Orleans, 3501 
and 4501 —— by between 2 to 15.4 mm. 
(5/64 in. and 43/64 in.)|, or finally the 
centre pair -of coupled wheels has its 
flanges reduced, which is the most usual 
arrangement as with the 4-6-0 type. The 
tyres of the bogie wheels in the Esi 31600 
have flanges 5 mm. (3/16 in.) thicker, 
i. e. they are increased to a thickness of 
37.5 mm. (1 15/32 in.). 

The most interesting point is the thick- 
ness of the flanges in respect to the play 
between the flange and the rail of the 
type 4-8-2 locomotive. Whereas in the 
Est locomotive 241000 the flanges of the 
leading bogie have also the 5-mm. (3/16 
in.) thicker section [from the standard 
section of 32.5 mm. to 37.5 mm. (1 9/32 
in. to 1 15/22 in.)] which, in view of 
their small wheel base of 2.100 mm. (6 ft. 


10 9/32 in.), contribute to good running, 


the thickness of the flanges of the coup- 
Jed wheels are 20.2, 25.7, 25.7 and 31 mm. 
(13/16 in., 1 1/32 in., 1 1/32 in. and 
1 7/32 in.), i, e. reduced by 12.3, 6.8, 
6.8, and 1.5 mm. (1/2 in., 1/4 in., 1/4 in. 
and 1/16 in.); the trailing driving pair 
of wheels has a standard thickness of 
32.5 mm. (1 9/32 in.). 

With the extreme lateral movements of 
the bogie, of 125 (5 in.) and of the truck, 
150 mm. (6 in.), this locomotive can 
negotiate curves of a radius of 100 m. 
(5 chains) in spite of its total wheel base 
of 6150 mm. (20 ft. 2 in.). 

On another locomotive, the Polish 
State Pu 29, the flanges of the wheels of 


the third radial axle are reduced by 
30 mm. (1 3/16 in.); the tyres on the 
second pair of wheels are without 
flanges as is shown in the sketch No. 29 
of table 5. 


In the case of electric locomotives 
with 2 motor bogies, the body centres 
have no transverse movement; on some 
of them the centre can move longitu- 
dinally [Midi 4601 — 27 mm. (1 1/16 
in.); Paris-Orleans EBB 225)], In the 
locomotive with the driving axles car- 
ried in the frame, the centres of the four 
wheeled carrying bogies can move trans- 
versely 50 to 150 mm. (2 to 6 inches) 
(Paris-Orleans 501; Italian State E 326); 
in the Zara or Italian bogies, 35 to 50 mm. 
(1 2/8 in. to 2 in.); in these latter the 
leading pair of coupled wheels can move 
transversely 10 to 20 mm. (3/8 in. to 
3/4 in.) [French State 401 (all the 4 


, driving axles, to the extent of 25 mm. 


(1 in.)], and in the Italian State E 330 
(the second, of 20 mm. (25/32 in.). The 
radius bar pins usually have 0.5 to 2.5 
mm. (0.02 in. to 0.1 in.) play in the 
axle box (Paris-Orleans EBB 1). All the 
tyres have standard thickness flanges; 
the middle driving pair of wheels alone 
of the Midi E 3101 has the flanges re- 
duced by 16.25 min. (5/8 in.). 


* 
* * 


What are the centering mechanisms 
used on the carrying wheels, the bogies 
with carrying wheels: only,.and the bo- 
gies consisting of carrying wheels and 
driving wheels; furthermore, what are 
the initial and final tensions of these 
arrangements controlling the longitudti- 
nal axis of the vehicle ? 

The centering mechanisms are differ- 
ent on the bogies and on the trailing 
carrying pairs of wheels of steam loco- 
motives, no particular arrangement pre- 
dominating; a summary of the different 
arrangements is given in table 3. 


According to this, the arrangements 
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used for controlling the side movement 
are as follows : 

a) 2 horizontal side plate springs coup- 
led by links, or in the case of the Est 
241000, by means of auxiliary helical 
springs; 

b) 2 side helical springs; 

c) bolster with swing links : 


1) ordinary, either perpendicular or 
inclined; 


2) with triangular 2-point suspension, 
one of which alternately acts as point of 
rotation during extreme movements (Bel- 
gian National 7, Paris-Orleans, 171S and 
3591). 

d) inclined surfaces, 
(Paris - Lyons - Mediterranean, 
230 C, 230 A.M); 

e) bolster with volute centering spring 
(Italian State 671 and 691 on the ordin- 
ary bogies, Italian State 640, 685 and 746 
on the Italian bogies). 


15 and 20 % 
231 D, 


It is not usual to arrange any centering 
mechanism to restore the locomotive to 
the longitudinal axis of the bogie after a 
partial rotation round the central sphe- 
rical pivot. This is done however on the 
Paris - Lyons - Mediterreanean (231 D, 
230 C, 230 A.M) by means of a helical 
bearing, ' 

The force with which the respective 
carrying wheels of the bogie are returned 
to the central position lies within the 
following limits : 


1. laminated springs (all under initial 
tension) : initial compression of 450 to 
6 940 kgr. (990 to 15 300 Ib.); final com- 
pression 3480 to 7800 kgr. (7670 to 
17 200 Ib.) ; 


' 2. helical springs either without initial 
compression or with 4500 kgr.: (9 900 
Ib.) compression; the final compression 
varies from 4 220 to 9500 kgr. (9 300 to 
20 950 Tb.) ; 


2. inclined surfaces, the initial com- 


pression is usually 4004 kgr. (8 830 lb.) 
and the final compression 4519 kgr. 
(9 960 Ib.); 


4, bolsters : 

a) with ordinary swing links the maxi- 
mum force has a value of 3 315 to 10 500 
ker, (7 300 to 23 150 Ib.); 

b) with triangular links the initial 
force is 1 480 to 4 430 kgr. (3 260 to 9 760 
lb.), the maximum force is 5 450 to 8 880 
kgr. (12000 to 19570 Ib.). 


5. on the bolsters with helical springs 
the initial compression is 1 800 to 2 000 
ker. (3970 to 4400 lb.), the final com- 
pression is 2 800 to 3000 kgr. (6170 to 
6 600 Ib.). 


The centering mechanisms of the 
electric locomotives (see table 8) are 
also very varied; on some locomotives 
with motor bogies the bogies are coupled 
together by a drawbar fitted with 
springs and small spherical buffers (Midi 
4601) or solely by means of a drawbar 
with an initial compression of 9500 ker. 
(20 940 lb.) (Paris-Orleans EBB 225). 

In the 2 other groups the laminated 
control springs have an initial compres- 
sion of 2000 to 4000 kgr. (4 400 to 8 800 
Ib.); final compression of 3720 to 7 400 
kgr. (8 200 to 16300 Ib.) (Midi 3101, 
Paris-Orleans E601); the inclined and 
helicoidal surfaces have an initial force 
of 3140 kgr. (6920 Ib.) (Paris-Lyons- 
Mediterranean 262 AE); the bolster with 


swing links and volute springs has an 


initial compression of 1 800 to 2 000 kgr. 
(3.970 to 4400 Ib.); final compression 
2800 to 3000 kgr. (6170 to 6600 Ib.) 
(Italian State E 332 and 432 on the Ita- 
lian bogie). 

The radius bar of the Zara bogies (Ita- 
lian State 330 and 431) has only volute 
springs with an initial compression of 
1800 kgr. (3.970 lb.), and final compres- 
sion of 2 800 to 3 000 ker. (6170 to 6 600 
Iba}. 


Interesting special centering mecha- 
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nisms are used on the Paris-Orleans 501, 
502, 401, 402 and Italian State E 326. On 
the first of these locomotives the 4 angu- 
lar levers are coupled in pairs by helical 
springs; the pulley wheels on _ these 
levers cause the sliding bogie centre to 
return between these springs into a 
position co-axial with the axis of the 
locomotive (see figs. c, d, e of table 4). 
On the other locomotive, the movement 
of the bogie centre is coupled up with 
the movement of the adjacent 2 driving 
axles by an arrangement as shown in 
figs. a, b; this arrangement however 
does not come into action on curves of 
less than 200-m. (10 chains) radius. 

On the third locomotive there are 2 
levers in the form of tongs between the 
2 shortest arms of which the bogie cen- 
tre moves, while the longer arms are 
connected by a volute spring with initiai 
compression of 2 000 kgr. (4 400 lb.) and 
final compression of 3000 kgr. (6 600 
lb.). On the Paris-Orleans E601, the 
body centres are carried on the bolsters 
by elliptical springs; the extreme side 
movement of the bolster is 20 mm. (13/16 
in.) and the return springs have an ini- 
tial compression of 2 000 kgr. (4 400 Ib.) 
and a final compression of 4410 ker. 
(9 720 lb.). 


4 


7. What are the maximum speeds ai 
which the vehicles are run, on the 
straight, with what minimum radii of 
curves on open line; what is the radius 
of this curve, and what is the superele- 
vation and how much is the gauge widen- 
ed? 


The maximum speed of steam locomo- 
tives varies. This speed is 80 km. (50 
miles) per hour for the Egyptian loco- 
motive with driving wheels 1981 mm. 
(6 ft. 6 in.) in diameter; 90 km. (56 
miles) per hour for the Paris-Orleans 
S24 with wheels of 1750 mm. (5 ft. 
8 9/32 in.) and 95 km. (59 miles) per 
hour for the Paris-Lyons-Mediterranean, 
230 A, with wheel diameter of 1650 mm. 
(5 ft. 5 in.); moreover the majority of 


the locomotives run at the speed of 106 
km. (62 miles) per hour (7 locomotives), 
110 km. (68 miles) (16 locomotives), 120 
km. (75 miles) (14 locomotives) and at 
the maximum speed of 130 km. (81 miles) 
per hour (Italian State 691), 

In the electric locomotives of the first 
group the speed is 90 km. (56 miles) per 
hour (Midi, 4601, Paris-Orleans EBB1 
225); 95 km. (59 miles) per hour (Paris- 
Orleans, EBB 101), and 110 km. (68 mi- 
les) per hour (French State locomotor) ; 
in the 2nd group 100 km. (62 miles) 
(Italian State 330, 332, 431, 432); 120 km. 
(75 miles) (Midi 3101, Paris-Orleans 501, 
401) and 130 km. (81 miles) per hour 
(Italian State E 326); in the 3rd group 
105 km. (65 miles) per hour (Paris-Or- 
lenas E 601). 

The different speeds on the curves 
and when running through switches are 
given in Part If « Track ». 


* 
* * 

8. What is the tyre profile on standard 
wheels; what is the section for wheels 
with thin flanges; what is the seciton for 
wheels without flanges ? On what is the 
selection of these profiles particularly 
based ? 


The sections of tyres of normal thick- 
ness and with reduced flanges (or with- 
out flange) are indicated in table 5. 

The choice of the flange sections is 
usually governed by the locomotives hav- 
ing to work over curves of small radius; 
only a few administrations give the thick- 
ness of the tyres on a straight line 10 mm. 
(3/8 in.) below the point of contact. In. 
the case of standard sections, in, the 
majority of cases this thickness is 32.5 
mm, (1 9/32 in.) (French Railways), or 
32 or 31 mm. (1 17/64 in. or 1 1/4 in.). 
The No. 10 section (lst) has the flange 
thickened up to 37.5 mm. (1 15/16 in.). 
The tyres with thinned down flanges have 
the flange reduced by 2 mm. (5/64 in.) 
(Nord, section 17) to 19.5 mm. 25/32 in.) 
(Nord section 18), i. e. to a thickness of 
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30.5 mm. (1 3/16 in.) and 13 mm, (33/64 
in.) respectively. When specially given 
the angle of the face of the flange to the 
horizontal plane is usually 70°. 


B. — Passenger coaches and motor 
coaches. 


1. The total length over buffers, the 
total wheel base, the distance between 
each pair of wheels; in the case of bogie 
coaches, the distance between bogie 
centres also; the axle load and the di- 
ameter of the wheels. 


2. Distance between the 2 pairs of 
wheels of the wagons and of the bogies 
determining the position of the coach 
or of the bogie relatively to the track and 
which play the role of guiding wheels 
in the track. 


3. Do you use exclusively bogie coach- 
es behind the locomotives described 
in I-A, or 


4, Also wagons with 2 or more pairs 
of wheels under a common frame ? 

The running gear, i. e. in the case of 
bogies, the side play of each axle from 
the centre position towards each side, 
and in the case of radial axles, the mo- 
vement of their axle boxes, in the lon- 
gitudinal direction of the coach towards 
each side — angle of rotation — the 
angle of rotation of the bogies, the play 
of the body bolsters, etc. 

Same information in respect to the 
design of the centering gear, as well as 
the magnitude of the centering forces; 
also as to the maximum running speed 
allowed for these coaches, 


5. Have you introduced any devices to 
asure steady running without any hun- 
ting in order that the bodies of vehicles 
coupled together shall remain in contact 
such as by means of vestibule connec- 
tions kept pressed one against the other 
or by some special coupling ? 


6. Have you introduced any special 
design of bogie in order to improve the 


running of the stock at high speeds and 
what results have you obtained ? 


7. What instructions are in force in 
the workshops as regards accurately 
checking over the bogies and bodies, as 
well as upon repairing the bogies and 
the stock after a given period in traffic? 


As mentioned in the general part of 
this report, carriages on 2 four-wheeled 
bogies are used principally for high 
speeds, although some Administrations 
also use 6-wheeled vehicles (Paris- 
Lyons-Mediterranean, Polish State, and 
even 4-wheeled service vans and brake 
vans (Nord, Paris-Orleans, Rumanian 
State, Czechoslovakian State), in order 
to reduce the weight of the train. The 
cases however in which these vehicles 
are allowed in the trains is limited, for 
example on the Paris-Orleans to the 4- 
wheeled vehicles with a minimum wheel 
base of 6 m. (19 ft. 8 1/4 in.), on the 
Polish State to 6-wheeled vehicles with 


a minimum overall wheel base of 6 m. 


(19 ft. 8 1/4 in.) and a weight of at least 
16 t. (15.7 Engl. tons), etc. 

The carriage bogies have 2 pairs of 
wheels and are principally of the 2 types 
known as the « International » and the 
« Pennsylvania ». The first type of bogie 
has the bogie frame suspended on the 
axles by means of 4 independent springs, 
which are in turn carried by helical 
springs. The body is carried on the 
bogie frame through the centre (spher- 


. ical, plain or stepped), and the bolster 


which is suspended by 2 groups of ellip- 
tical laminated springs. 

This type of bogie is however being 
replaced more and more by the « Penn- 
sylvania » type which differs from it in 
that the bogie frame is carried on the 
pairs of wheels by means of equalisers 
equalising the weight on the wheels on 
each side. The frame is suspended from 
these equalisers by helical springs. The 
axle boxes are either provided with cast 
iron bearings lined with antifriction 
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metal and with lubricating pads con- 
veying the oil to the journals, or with a 
device feeding the oil from above the 
journals; or again roller bearing boxes 
are used. The bogies, in the older de- 
signs, were built up of pressed steel pla- 
tes and steel rolled sections; in the most 
recent ‘designs cast steel is used more 
and more frequently for the connections, 
parts of the bolsters, etc.; the monobloc 
system in which the whole of the bogie 
frame is cast in a single piece has re- 
cently become the most usual. This me- 
thod has the advantage that all the de- 
tails can be correctly designed while 
getting a minimum weight, 

The bolster is built of rolled sections, 
or pressed plates, or cast steel. It is 
frequently lined with wood to reduce the 
noise. 

The principal details of the different 
classes of carriages are given in table 6. 
The length of the vehicle (over buffers) 
is as much as 22530 mm. (73 ft. 11 in.) 
and the length of the body 22 200 mm. 
(72 ft. 10 in.). The axle load in the case 
of a passenger carriage, is 13.0 t. (12.8 
Engl. tons) at the maximum. The dia- 
meter of the wheels is 920. to 1143 mm. 
(3 ft. 1/4 in, to 3 ft. 9 in.). The distance 
between bogie centres varies between 
12 630 and 15502 mm. (41 ft. 5 1/4 in. 
and 51 ft. 2 in.); the wheel base of the 
bogies is 2 438 to 3000 mm. (8 feet to 
9 ft10 £/8.1n.): 

In the case of the bogie carriages, the 
play of the bearing on the journal is 1 to 
4 mm. (3/64 to 5/32 in.). 1 mm. being 
the most usual; the Belgian National 
Railway Company’s vehicles have a play 


of 4 mm. at the inside of the centre bear- - 


ing whereas on the outside it is 1 mm. 
(3/64 in.). The play in the guides is 0.5 
to 5 mm. (5/256 in. to 3/16 in.) trans- 
versely, usually 2 mm. (5/64 in.) and 


0.5 to 3 mm. (5/256 to 1/8 in.), usually 


2 mm. (5/64 in.) longitudinally. 

The side movement of ihe bolster is 15 
to 55 mm. (1/8 in. to 2 3/16 in.), most 
usually 15 to 20 mm. (5/8 in. to 13/16 


in.); and the longitudinal play 2 to 3 mm. 
(5/64 in. to 1/8 in.). The angle of de- 
viation of the bogies is 5° to 10°, 6° being 
the usual practice. 

Six-wheeled vehicles are sometimes 
used, even in high-speed trains (Paris- 
Lyons-Mediterranean); the outer pairs 
of wheels are radial, with a play of 
1 mm. (3/64 in.) on the journal, and 
with 5 mm. (3/16 in.) transversely, and 
21 mm. (53/64 in.) longitudinally in the 
guides; they are 8 400 mm. (27 ft. 6 3/4 
in.) apart, and their maximum deviation 
is 1°21’. The middle axle can move 
1 mm. (3/64 in.) transversely on the 
journal, and 35 mm. (1 3/8 in.) in the 
guides, as well as 2.5 mm, (3/32 in.) 
longitudinally. The centering gear by 
which the bogie is returned to the nor- 
mal position consists usually of swing 
links arranged at an angle to the perpen- 
dicular axis of the carriage, carrying the 
bolster. These links are either a fixed 
length or the length can be adjusted by 
means of a screw. In certain cases 
small buffers are fitted on the frame 
(Paris-Lyons-Mediterranean type Dd?y?). 
Some Administrations prefer the links to 
be of a fixed length, as this prevents any 
error in setting the bolster. The correct 
buffer height is obtained by inserting 
packing pieces under the elliptic springs 
(Italy). 

The Railways obtain steady running at 
high speeds by tightening up the coup- 
lings. With the same object, some rail- 
ways have increased the bogie wheel 
base from 2 500 to 3 000 mm. (8 ft. 2 7/16 
in. to 9 ft. 10 1/8 in.) (Paris-Lyons- 
Mediterranean, Italian State). 

The Railways take care that the stock 
used for high speeds is in perfect order 
by periodical overhauls and by checking 
over the angles of the bogie frame after 
repairs. In addition to the daily repairs, 
a very careful examination and the ne- 
cessary repairs are carried out at inter- 
vals of not less than 3 to 6 months, 
usually between 9 months up to 2 years, 
or after having run 90000 to 100 000 km. 


(56 000 to 62.000 miles). Special impor- 
tance is given to the symmetrical spring- 
ing of the bolster and to the bogie being 
horizontal while maintaining the buffer 
height, 


II. — Method of carrying the body on 
the bogies and position of the centre 
of gravity. 

1. On how many points is the sprung 
weight of the carriages mentioned in the 
1st part carried ? 

2. What is the sprung weight carried 
on each axle; and what is the weight 
of the unsprung weight ? 

3. a) Do the outer axles carry a lower 
weight than the intermediate axles ? 
What percentage of the axle load have 
you on the driving axles? 

b) Are the leading carrying axles or 
also the leading coupled axles the only 
ones with a reduced weight per axle; if 
so, what tests did you take into account 
to arrive at the reduced weight ? 

4. Are the coal bunker and the water 
tanks so arranged on the tenders that the 
varialion in axle load is reduced to a 
minimum when the quantities are in- 
creased or reduced ? 

5. What is the height of the centre of 
gravity of the whole of the vehicles 
above rail level? What is the height of 
the centre of gravity of the sprung mass 
of the steam locomotives and of the elec- 
tric locomotives ? What experience have 
you obtained as regards the oscillations 
about the parallel horizontal axis (roll- 
ing) ? 

6. What is the factor of safety of the 
locomotives and the tenders against turn- 
ing over on the smallest radius curves 
on the open line, particularly in the 
even: of a spring breaking at the mazxi- 
mum speed allowed on these curves, or 
due to irregular variations in the level of 
the track (dissymmetrical variations of 
level of as much as 20 mm. (13/16 in.) ? 
What safety measures have been provid- 
ed? 


1. lable 7 shows in diagram form how 
the steam locomotives are carried. In or- 
der to arrive at the number of points on 
which the sprung weight of the vehicle is 
supported, on the one hand, we will con- 
sider the centre of gravity of the various 
methods of suspension taken together, 
and on the other, the points of support 
on the bogie; in this latter case when the 
weight of the locomotive is carried on 
the centre bearing of the bogie, this is 
taken as one of the points. of support, 
ignoring the fact that if the inclination 
increases the weight of the locomotive, it 
will also come onto one of the side bear- 
ings if these are fitted, The extent to 
which the different wheels of the bogie 
are equalised varies according as there 
are one or two supports, spherical or 
plain, and according as a bogie bolster 
or equalising levers are used or not, 

The predominating tendency is to 
compensate the load carried on the sepa- 
rate bearing springs by equalisers, this 
tendency being greater in the case of 
6-coupled engines. This tendency results 
in there being 3 points of support, when 
the bogie has only a single support and 
the bearing springs of the trailing axles 
are connected with the other springs by 
equalisers; or in there being 4 or 6 sup- 
ports, when the bogie has 2 lateral bear- 
ings and one pair of trailing carrying 
wheels independently sprung. 

Obviously this method of carrying the 
locomotive whereby the load on the 
bearing springs is kept uniform, and 
consequently the engine runs steadily as 
well as being less likely to derail, even 
on lines in not too good order, does not 
apply to the new 8-coupled locomotive 
of the Est, No. 241000, which has each 
pair of wheels independently sprung so 
that there are 11 suspension points. The 
Paris-Lyons-Mediterranean 6-coupled lo- 
comotive 4-6-0, No. 230A (Algerian Lines) 
also with independently sprung driving 
wheels, has 7 points of support. 

The railways on which the locomotive 
is carried on one bogie bearing are : Bel- 
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gian National Railway Company (except 
2 locomotives of classes 66 and 69 of 
German origin); Paris-Lyons-Mediter- 
ranean, French Est, Italian State and 
Czechoslovakian State; on the other hand 
the French Nord, Egyptian State, Midi, 
Polish State and Rumanian State Rail- 
ways use 2 supports on the bogie exclu- 
sively. The French Est Railway, on the 
new locomotive 241000, has 2 supports 
but on its other locomotives only one. 
In the case of the Alsace-Lorraine Rail- 
ways the German locomotive S101 has 
2 points of support; in the case of the 
locomotives built to its own designs one 
point of support is used; the Paris-Or- 
leans Railway uses 2 points of support 
arranged almost identically. In the same 
way the form of the support varies con- 
siderably and can be divided, in the case 
of a single bearing, into plain and sphe- 
rical bearings; in the case of 2 points of 
support, the side spherical bearings are 
rather more numerous. The Egyptian 
State, Alsace-Lorraine, Italian State and 
French State use plain bearings only; 
the Belgian National Railway Company 
only uses spherical bearings (except in 
the case of locomotives of German and 
English design) ; 
terranean, Czechoslovakian State, Nord, 
Midi and the other Administrations (Est, 
Paris-Orleans, Polish State and Ruma- 
nian State Railways) use both designs. 
._The electric locomotives (cf. table 8) 
with carrying bogies are so arranged 
that the body is carried on 2 points. 
Each bogie wheel is carried on a special 
spring (Midi, 4601; Paris-Orleans, EBB 
101, 225), or each side of the bogie is 
carried on the yoke, by a longitudinal 
spring (Paris-Orleans EBB1; French 
State locomotor), on which the frame is 
carried. The locomotive of the Paris- 
Orleans Railway EBB 225 is fitted with 
elliptical laminated springs on the bolster 
in addition to the 4 bearing springs.. In 
all the locomotives the body is carried 
on the bogie by a single central pivot, 
which is either flat and of large idiame- 


the Paris-Lyons-Medi- — 


ter (Paris-Orleans, EBB 1, 101), large 
diameter disc (French State locomotor), 
dished (Midi 4601), or spherical and 
convex (Paris-Orleans, EBB 225). 

The second group of electric locomo- 
tives shows great diversity in the way 
the body is supported and in the spring 
suspension: the 4 bearing points are 
either arranged in lozenge en with one 
point of support (by central equaliser ) 
on each bogie, the 2 other points being 
by suspension on the 4 driving axles, 
with longitudinal equalisers on each side 
(Paris-Orleans locomotive E2D 2, No. 
504; Italian State, E332), or as in the 
case of the Paris-Orleans locomotive 
E2D2, No. 401, there are 4 identical 
equalised groups, each set bearing on 
two driving axles, with a longitudinal 
equaliser, and being combined, through 
a lever arrangement, with the suspension 
spring on the adjacent bogie (see fig. f, 
table 4). 

When there are 6 bearing points these 
locomotives have either bogies with a 
single support under the body bolster 
(Italian State, 432) or bogies with 2 
points of support (Midi, 3101). In the 
first case the 2 driving wheels are inde- 
pendently sprung, in the second case the 
springs of the 3 driving pairs of wheels 
are connected together by equalisers. In 
the case of the Italian State locomotive 
E 431, there are 8 bearing points, i.e. 2 
on the 2 Zara type bogies (4 springs con- 
nected by a longitudinal equaliser) and 
2 on the intermediate driving wheels also 
independently sprung. 

On the locomotives with motor trucks 
the body is carried -on each truck 
through the centre; each truck has 3 
points of support, i. e. one on the bogie, 
one at the centre of gravity of the springs 
of the 3 pairs of wheels connected by the 
equalisers. In the case of the Paris- 
Orleans locomotive E601 the body cen- 
tre is carried on the body bolster which 
is carried from the truck frame by means 
of elliptical springs. The centre bearing 
pin of one bogie of the Paris-Lyons-Me- 
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diterranean locomotive 262 EAE bears 
on disc springs; the body is in addition 
supported by 2 spring side bearings with 
helical springs in the transverse section 
of the centre and in addition by 2 lateral 


spring supports with conical coiled 
springs on tthe outside of the frame 


between the 3rd and 4th and the 7th and 
Sth axles. The bogies of the 2 locomo- 
tives have one longitudinal spring on 
each side. 

The 6-wheeled tenders are all carried 
on 4 points of support so arranged that 
the 2 trailing pairs of wheels have their 
springs connected together by longitudi- 
nal equalisers; the Midi Railway tender 
No. 1921 is carried on independent 
springs at 6 points. The 8-wheeled ten- 
der, as far as it is possible to judge from 
the data supplied, has either 4 indepen- 
dent carrying springs or 2 longitudinal 
springs on the bogie, and at the same 
time either a central flat centre on the 
transverse support of the frame (French 
State) or on the bolster (Paris-Orleans, 
Paris-Lyons-Mediterranean). The Ita- 
lian State Railway tenders with a volume 
of 22 m® (777 cubic feet) have American 
bogies. 

The spring gear of the carriages has 
been described in Part I-B/1. 

2. To the extent to which the Admi- 
nistrations have given the sprung and 
unsprung weight of the different pairs 
of wheels of their steam locomotives, 
the ratio of the sprung weight of the bo- 
gies and of the trailing carrying pairs of 
wheels to their load on the rail varies 
from 0.84 to 0.9, whereas in the case of 
the axles driven by low-pressure cylin- 
ders and high-pressure cylinders respec- 
tively, this ratio is lower (0.7 to 0.77, 
and 0.73 to 0.8); for the other coupled 
wheels this ratio is between 0.74 and 
0.81, 

Table 2 gives for each locomotive the 
ratio of the total sprung weight to the 
total weight on the rail; it varies for the 
locomotives of all arrangements of coup- 
led wheels between 0.76 (Rumanian State 


State 230.000; Paris-Lyons-Mediterra- 
nean, 230 A) and 0.83 (French State, 
231). An exception is the ratio of 0.7 


of the Italian State locomotive No, 640. 

In the case of the tenders the ratio is 
(.84-0.89 for the 6-wheeled tenders, and 
().86-0.88 for the bogie tenders; in the 
case of the electric locomotives, 0.70-0.76, 
(.80-0.84, and 0.75-0.81 in the different 
groups. 

3. a-b) The leading carrying wheels 
of the steam locomotives are all less 
heavily loaded than the coupled wheels; 
the different Administrations follow no 
definite rules, but they point out that it 
is desirable that the leading bogies should 
carry a sufficient load for steady run- 
ning and to prevent derailment, without 
it. being necessary to sacrifice any part 
of the load required for adhesion on the 
coupled wheels. 

Table 2 shows the ratio between the 
load on the bogie axle compared with the 
load on the coupled axle. The lowest ratio 
is found in the Belgian types 17 and 18 
engines of English design, in which this 
ratio is 0.48 and 0.49. Most of the loco- 
motives have a ratio of between 0.6-0.68; 
in the case of the Alsace-Lorraine loco- 
motive 10, it is higher (0.93). In other 
words, the leading carrying wheels have 
an average of about 32 to 40 % (mini- 
mum 7, maximum 52 %) less load than 
the coupled wheels; there is no appre- 
ciable difference between the load on 
each of the coupled wheels in the loco- 
motives we are dealing with. This is 
also the reason why the Administrations 
have not given any information as re- 
gards this reduction. 

In the case of the electric locomotives 
the weight on the leading carrying 
wheels is less in the locomotives of the 
2nd and 3rd groups only. The ratio of 
the load on the carrying axle to that of 
the driving axle reaches 0.57 (Italian 
State, E 326) and 0.83 (Paris-Orleans, 
401); as an exceptional case it is also 
0.93 in the Italian State, E 330, for a total 
load of 15 tons, and is 0.65 when the load 


24157 
TH—105 


increases to 17 tons. In the case of loco- 
motives with trucks the ratio in the case 
of the Paris-Orleans E 601 is 0.98 (maxi- 
mum), and on the Paris-Lyons-Mediter- 
ranean 262 AE, the ratio is 0.7. 

In the case of the Paris-Orleans engine 
No. 501, the axle load is reduced gra- 
dually : as regards the bogie axles the 
load on the extreme outside axle is redu- 
ced by 33 %, that on the inside pair of 
wheels only by 10.5 % relatively to the 
driving wheels, so that the shock of the 
guiding axle when entering on a curve 
shall be reduced and in order to prevent 
the trailing bogie from hunting on the 
straight line. 

4. Most Administrations State that 
by suitable design and arrangement 
of the water tanks and coal bunkers there 
is but little reduction of axle loads as the 
water and coal are used up. In the case 
of the Paris-Orleans tender, however, the 
ratio of the sprung weight on the axle 
with the tanks empty to the maximum 
sprung weight, in a 6-wheeled type is 52, 
32, 32 %, in the case of a bogie type 35.5, 
56.5 %, which means that the load on 
the first pair of wheels as compared 
with the 2nd and 3rd is in the case of 
the 6-wheeled tender 63 % higher, and 
the weight on the second bogie as com- 
pared with the first 59 % higher. In the 
case of the 6-wheeled tenders of the 
Paris - Lyons - Mediterranean Railway, 
when loading the empty tender the 
weight per axle increases in the case of 
the leading axle by 16 % more than in 

_the case of the trailing axle; in the case 
of the bogie tender on the contrary on 
the trailing bogie the load is 28 % more 
than on the leading pair of wheels; this 
is why a proportionally smaller load is 
placed on the leading axle of 6-wheeled- 
tenders and in the case of bogie tenders 
on the trailing bogie, so that when fully 
loaded the weight shall not differ ap- 
preciably from one pair of wheels to 
the other. 

5. The height of the centres of gravity 

has not been given except by one or two 


Administrations so that it is impossible 
to make any deductions from the inform- 
ation supplied. The height of the cen- 
tre of gravity of the locomotive as a 
whole as given varies between 1 700 and 
1900 mm. (5 ft. 7in. and 6 ft. 2 13/16 in.), 
the corresponding height for the spring 
borne masses from 2080 to 2200 mm. 
(6 ft. 10 in. to 7 ft. 2 578 in.) the longi- 
tudinal height of the centre of the boiler 
of these locomotives is between 2 650 
and 2 980 mm. (8 ft. 8 11/32 in. and 9 ft. 
9 5/16 in.) above rail level. 

The Paris-Orleans Railway avoids 
excessive oscillations of the locomotives 
by using stiffer springs for the coupled 
wheels in order to reduce the amplitude 
of the oscillations, especially when these 
springs are connected by longitudinal 
equalisers ; in addition, it does not make 
use of cross equalisers with centre bear- 
ings. 

Furthermore, the Paris-Orleans uses 
the longest possible driving rod in order 
to reduce the vertical reactions of the 
rod end on the slide bars. Jn the case 
of tenders the Midi gives the height of 
the centre of gravity of the tender as a 
whole as 1 800-1 830 mm. (5 ft. 11 in. to 
6 feet), and of the sprung mass as 1 950- 
1970 mm. .(6 ft. 4 13/16 in. to 6 ft, 5 9/16 
in.). 

As regards the height of the centre of 
gravity in the case of electric locomo- 
fives, it varies between the following li- 
mits : height of the centre of gravity of 
the whole engine 1 180-1875 mm. (3 ft. 
10 15/32 in. to 6 ft. 1 5/8 in), height of 
the sprung mass, 1 386-2000 mm. (4 ft. - 
6 9/16 in. to 6 ft. 6 3/4 in.). In the case 
of the Paris-Orleans BB 101 locomotives, 
the body oscillations have been observed 
and recorded by means of Bowden wires 
and it has been found that these oscilla- 
tions depend upon the-rolling, as well as 
on the reactions at the rail joints. 

6. The factor of safety, as determined 
by the Marié formula. is not given by 
any Administration, ~The different Ad- 
ministrations protect themselves against 
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the danger of broken springs either by 
using springs with a high factor of safety, 
or by limiting the play between the axle 
box and the frame, so that in the case of 
fracture of the springs on one side of the 
locomotive the inclination shall be as 
small as possible [on the Paris-Lyons-Me- 
diterranean with a play of 25 mm (1 
inch) the inclination is 1°15’ in the case 
of steam locomotives, and with 35 mm. 
1 3/8 in.) an inclination of 56’ in the 
case of the electric locomotives |. 


III. — Adaptation of the running gear 
to irregularities in the supereleva- 
tion and to differences in level of the 
track. 


1. What steps have been taken so that 
the different pairs of wheels, bogies, 
driving bogies, etc., shall run over de- 
fects in the level of the track, whether 
yielding or not, without danger as re- 
gards safety of running? What steps 
have been taken so that the engines can 
run over the superelevated rails without 
a dangerous reduction in the load on the 
wheels ? 

2. Have you checked in practice and 
by means of calculations the different 
types of the bogies, as regards their capa- 
bility of adapting themselves to the heli- 
coidal transition curves; what results 
have you obtained ? : 


3. What is the design of carrying bo- 
gies and the bogies mainly assisting in 
getting good running on the straight and 
on curves, you consider as the most suit- 
ed to run.at high speeds with safety ? 

The Railway Companies consider that 
it is desirable to counteract the unfavour- 
able effect due to irregularities in the 
level of the track by carrying the loco- 
motive on a bogie by means of a spheri- 
cal support, by using springs connected 
together by equalisers, and possibly inde- 
pendent springs with sufficient deflec- 
tion, and by maintaining sufficient ver- 
tical clearance between the axle boxes 
and the frame. 


In the case of thoroughly well main- 
tained. lines these steps are obviously of 
less importance. 

In order that each pair of wheels and 
the bogies shall behave properly when 
running over superelevated portions of 
line, i. e. When running over them with- 
out the weight on the wheels being re- 
duced to a dangerous extent, the Admin- 


istrations consider that the methods de- 


scribed above are sufficient. 

It appears that the reduction of weight 
on the coupled wheels when running 
over the helicoidal surface of the super- 
elevated line can be totally avoided only 
by using the Zara system axle boxes as 
used on the Italian State Railways, in 
which the faces of the axle-boxes are 
convex to a centre line parallel to the 
axis of the locomotive, these faces work- 
ing in slides. This arrangement allows 
a coupled axle to place itself at an angle 
to another axle. 

Systematic tests carried out with the 
bogies as regards the way they adapt 
themselves to the helicoidal surfaces of 
superelevated portions of line have not 
been carried out by any Administration. 

To sum up, it may be said that the 
carrying bogies of present design, 
whether with centre bearing or with 2 
side bearings with control gear, whether 
by horizontal laminated springs or by 
inclined helicoidal surfaces are suitable 
for high speeds with perfect safety, 


IV. — Guiding of the vehicles and 
measures tending to improve the 
running on curves. 


1. Are you of the opinion that when 
guiding the locomotives by means of bo- 
gies the longitudinal centre line of the 
locomotive should be guided only by the 
centre of the leading bogie or of the 
motor bogie; or do you make the first 
coupled axle in the main frame take its 
part in guiding the engine ? 

2. What are the conditions of guiding 
on your electric locomotives with motor 
bogies 2? What is the ratio of the lateral 
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static reaction to the load per axle or oj 
the guiding wheels ? 

3. Have you obtained any figures or 
made any calculations concerning the 
value of the laceral dynamic forces due 
to the sudden angular action of the guid- 
ing wheels under shock? What results 
have you found ? 

4. What are you doing to keep the 
lateral reactions on the guiding wheels 
down to the minimum ? 

5. By what methods do you arrive at 
the degree of safety against derailment ? 

6. Have you made any experiments on 
the coefficient of friction of the wheels 
when sliding in the longitudinal and 
transverse directions? What are the 
results ? 

7. Do you lubricate the flanges of your 
guiding wheels ? If so please explain the 


design and arrangement of your lubri- 


cating devices. 

Or do you lubricate the inside face of 
the outside rail head on curves? If so 
please give details of the process, 

1. To the question should a locomotive 
only be guided by the bogie centre or 
should the first pair of wheels in the 
main frame also play its part in guiding 
the locomotive, most of the Administra- 
tions concerned think that the locomo- 
tive should be guided by the bogie cen- 
tres only. They point out in particular 
that this prevents excessive wear of the 
flanges of this first pair of wheels by 
protecting it from lateral shocks which 
are harmful especially in the case of a 
crank axle. 

Some Administrations point out that 
it is not always possible to prevent the 
leading coupled axle from taking part 
in guiding the locomotive; experiments 
show that the steady running of the lo- 
comotive is hardly affected. The French 
Est Railway prevents the leading coup- 
led wheels from taking any part in guid- 
ing the locomotive by thickening the 
flanges of the bogie wheels from 32.5 
to 37.5 mm. (1 9/32 in. to 1 15/32 in.) 


xI—7 


(Est 3100, 241000); in this way the 
transverse shocks are reduced as regards 
this axle which is a low pressure driving 
axle. 

On some of the Italian State locomo- 
tives the first coupled axle is connected 
to the carrying axle (Italian bogie) and 
takes part in guiding the locomotive by 
moving laterally. In the case of the Paris- 
Orleans electric locomotives E501 (2D2), 
it has been found that the leading motor 


axle takes part in guiding the locomotive 


with the bogie by setting itself to a curve 
of 500 to 600 m. (25 to 30 chains) radius. 
The Paris- Orleans locomotive E 401 
(2D2) behaves in the same way when 
running into the curve; on a curve of 
over 200 m. (10 chains) radius, all the 
outside wheels tend to come into con- 
tact with the rails. The centering gear 
used on this class (fig. a, table 4) is 
based on this principle. 

2. The Paris-Orleans Railway points 
out that the ratio of the lateral static 
reactions to the weight per axle is a 
maximum for the inside wheels of the 
2nd driving pair wheels of the locomo- , 
tive E 2D2 on a curve of a radius of 80 m. 
(4 chains); if we take the coefficient 
of transverse friction of 0.20, the ratio is 
approximately 1.3. 

On the other hand the French State 
mentions that this ratio should be smal- 
ler than 1. 

This fact should be proved on the one 
hand by the report of the Midi Railway, 
which shows that in the case of the 
21-100 
19450 = 
0.05, and the report of the Paris-Lyons- 


motor bogies E 4601 the ratio : 


Mediterranean, where the locomotive 

262 AE has the ratio for the inside 
3 130 

wheel: 2 = 0.28. The action of the 
5 650- 


centering device-on the bogie centre, 
3130 kgr. (6900 Ib.) causes a reduction 
of the load on each inside wheel on the 
curve, of 600 kgr. (1 320 Ib.) i. e. from 
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6 250 to 5 650 kgr. (13 780 to 12 460 Ib.). 
3. The value of the lateral dynamic 
forces caused by the sudden angular 
action of the guiding wheels under shock 
has not been measured. From calcula- 
tions the Rumanian State Railways ar- 
rive at the lateral dynamic force for the 
locomotive 230000 as follows: a) Force 
due to the hunting of the locomotive on 
the first bogie axle 3 300 kgr. (7 270 Ib.) ; 
b) force due to the movement on curves 
of 180 m. (9 chains) radius on the first 
bogie pair of wheels due to insufficient 
coning of the tyres, 1 685 kgr. (3 710 lb.) ; 
c) force due to each pair of bogie wheels 
running on curves of 180 m. (9 chains) 
radius, 3900 kgr. (8 600 lb.); d) force 
due to each pair of wheels of the bogie 
running onto the curve 950 kgr. (2 090 
lb.). The largest value of the lateral 
dynamic force caused by the guiding 
wheel (when entering a curve of the 
smallest radius).has been found to be 
950 kgr. (2 090 lb.) for the carrying pair 
of wheels. This force is set at a speed 
of 45 km. (28 miles) per hour, i. e. 
5 km. (3.1 miles) higher than the regu- 
lation speed on a 180-m. (9 chains) 
curve, and is much less at very low 
speeds and over transition curves. 

The Paris-Orleans Railway has calcu- 
lated the magnitude of the pressure of 
the guiding wheels and pressure produ- 
ced on a straight line through the hunting 
of the  Oerlikon electric locomotives. 
First of all the speed of the transverse 
deviation was calculated and this was 
found to be 5 cm. (2 inches) per second 
under an average action and 15 cm. 
(6 inches) per second when the action 
was severe. By means of special appli- 
ances (Mauzin system) the transverse 
deviations of the rails corresponding to 
these actions have been measured. The 
pressures have reached 4 to 5 tons when 
the deviation of the rails was approxi- 
mately 6/10 mm. (0.0236 inch). Tests 
have been carried out with the locomo- 
tive EBB 101 at a speed of 90 km. (56 
miles) per hour. 


4. The reduction of the dynamic ef- 
fects acting laterally on the rails is ob- 
tained in this sense that the locomotive 
is guided by the bogie centres and the 
initial tension on the centering device, 
which should be neither too great nor 
too small, has been properly selected. 
The Paris-Orleans hope to reduce these 
forces by not widening the gauge on 
curves in order to reduce the jarring of 
the leading wheels against the rails, es- 
pecially at the moment of running onto 
the curve. 

5, The Administrations endeavour to 
obtain safety against derailments by tak- 
ing care, when building the locomotives, 
that the lateral reactions shall be as 
small as possible, by giving the bogie 
and axle box sufficient lateral movement, 
and by taking care that the reactions of 
the centering gear are proportional to 
the forces. It appears that the tendency 
to derailment can also be avoided by a 
suitable diameter of the guiding wheels 
[about 1 m. (3 ft. 3 3/8 in.)]. Some Ad- 
ministrations employ different methods 
(Belgium, Uebelacker; Italian State, Ma- 
rié; Rumanian State, Barkhausen) for 
calculating theoretically the different re- 
actions, the play needed and the curves 
that can be negotiated. 


6. The coefficient of friction. of the 
wheels sliding in the transverse direc- 
tion has not been found by tests nor in 
any other way. 


7. Some Administrations only lubricate 
the flanges of the guiding wheels, using 
different devices [Bouclon (French Sta- 
te); lubricant in tubes applied by hand 
(Midi); air injector (Italian State) ], 
while other railways do not consider 
this necessary, either because they have 
no curves of small radius, or from ‘the 


experience acquired they do not consi-~ 
der it of any use for locomotives for high 


speeds as these are always fitted with 
guiding bogies. The inside faces of the 


rail head are only greased in a few 


cases; most of these appear to be a ques- 
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tion of tests which have not resulted in 
the general introduction of the process. 


V. — Details. 


a) Locomotives. 


1. On what locomotives do you bal- 
ance, in addition to the revolving parts 
not on the centre line, the reciprocating 
parts? What percentage of the static 
weight per wheel is the vertical compo- 
nent (free) of the centrifugal force for 
each wheel at the maximum running 
speed allowed ? 


2, How are the locomotive and the 
tender coupled together ? 


3. Do you use springs of different flex- 
ibility on the leading wheels, driving 
wheels and coupled wheels, as well as 
on the tender wheels? If yes or no, why? 
Have you made any experiments on the 
advantages or the disadvantages of more 
or less reducing the friction of the 
plates. 


4, Please supply any information on 
the details of the arrangement and of 
the dimensions of the springs. (Dimen- 
sions of the springs, compression in mm. 
per ton, quality and characteristics of 
the spring steel, as well as the total 
flexion of each spring.) 

5. What is the limit of wear allowed 
on the tread of tyres and on the flange ? 

6. What is the limit of wear allowed 
for the rails, especially the limit of la- 
teral wear ? Have the limits fixed in this 
respect been laid down as the result of 
experience or by other considerations ? 


1. So far as the administrations have 
advised us, the reciprocating parts are 
balanced to the extent of 15 to 60 % of 
their weight. The free vertical compo- 
nent of the reciprocal force varies be- 
tween the limits of 0 (Nord 4 cylinder 
locomotives, Czechoslovakian State 3 cyl- 
inder locomotives) to 19.5 (Midi) and 
20 % (Egyptian). In most locomotives 
the maximum free centrifugal force is 
about 15 %. 


2. The coupling between the locomo- 
tive and the tender in most cases con- 
sists of a coupling screw with 2 shackles 
and with special buffers on the Roy sys- 
tem (French State, Alsace - Lorraine, 
Midi, Paris-Orleans, Paris-Lyons-Medi- 
terranean). Another coupling consists 
of a central coupling bar with screw 
and helical spring at the tender end 
(Belgian National, Egyptian State), and 
finally an entirely rigid coupling bar 
either with side buffers (Polish, Ruma- 
nian, Czechoslovakian State) or without 
buffers; in this last case the coupling is 
arranged as a cardan shaft (Est) or as a 
rod carried in a ball bearing universal 
joint (Italian 691), allowing both rela- 
tive vertical movement of the tender and 
the locomotive as well as differences in 
inclination of one to the other. 


3 and 4. Table 9 gives the dimensions 
and flexibility of the bearing springs of 
the bogies, coupléd and carrying wheels 
of the steam locomotives, Laminated 
springs are used chiefly to carry the 
sprung weight and helical springs only 
in isolated cases (for the trailing carry- 
ing wheels of the Midi 3001, 3051; Pa- 
ris-Orleans 3501, 4501; and Paris-Lyons- 
Mediterranean 231 D). 

Some Administrations use springs with 
the same flexibility for all pairs of 
wheels (bogies, coupled and even the 
frailing carrying wheels); others, on the 
other hand, use springs of a flexibility 
inversely proportional to the weight on 
the wheels. Springs of high flexibility 
are used for the leading carrying wheels 


-(Est 241000). in order-to reduce the va- 


riation of the load on the guiding axles, 
and for the trailing carrying pair of 
wheels (bissel), in order to improve. the 
springing of the locomotive under the. 
cab and so reduce the fatigue of the en- 
ginemen. 

As regards damping out the friction of 
the laminated springs, it is thought de- 
sirable to reduce the oscillations,. and 
this is the reason why the Italian State 
Railways replaced the original helical 
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springs on the electric locomotive E 431 
by laminated springs; the railways have 
not carried out any special trials in this 
respect. 

The tensile strength of the spring steel 
varies between 70 and 85 kgr./mm? (44.4 
to 53.97 Engl. tons per sq. inch), for the 
steel before hardening, and 110 to 145 
ker./mm?2 (69.8 to 93 Engl. tons) per sq. 
inch) for the hardened steel. On the 
French Railways the elongation of spring 
steel must be at least 0.008. The railways 
obtain these steels to specifications 
Nos, 8 and 10. (Cfr. Bulletin of the Rail- 
way Congress, January 1922, p. 240.) 


5. According to the returns received 
the limit of wear allowed on the tréad 
and on the flange is different on nearly 
every railway whether it is a question 
of returning or of condemning the tyres. 
The different administralions require 
the tyres to be turned in the case of 
locomotives when the wear on the tread 
reaches a give amount or when the tyre 
flange has been reduced in thickness to 
a certain limit, or when the height of 
the flange reaches a given figure, or 
finally when the flats on the tread reach 
a certain depth. In the first case the 
wear on the tread in depth is usually 
3 mm, (1/8 inch) (Paris-Lyons-Mediter- 
ranean) to 5 mm. (13/64 inch) (Belgian 
National, Midi, Paris-Orleans, Italian 
State); the minimum thickness of the 
flange varies between 10 mm. (3/8 in.) 
(Midi, section No. 15 of table 5), 14 mm. 
(9/16 in.) (Belgian National, section No. 
5); 18 mm. (11/16 in.) (Belgian National, 
other sections); 20 mm. (25/32 in.) (Ju- 
goslav State, Alsace-Lorraine); 22 mm. 
(7/8 in.) (Polish State); 22.5 (15/16 in.) 
(Paris-Orleans, section No. 19, Nord, sec- 
tion No. 17) ; 24.5 (31/32 in.) (Nord, sec- 
tion No. 16 for tyres other than bogie 
tyres), 25 mm. (1 inch) (French State), 
26 (1 1/32 in.) (Midi, section No. 14), 
26.5 mm. (1 3/64 in.) (Est, section No. 
11), 28.5 mm. (1 1/8 in.) (Nord, section 
No. 16 for bogie wheels), and 31.5 mm. 


(1 1/4 in.) (Est, section No. 10). The 
depth of flange must not exceed 35 mm. 
(1 3/8 in.) (French State), and 36 mm. 
(1 7/16 in.) (Polish State, French State, 
Paris-Orleans, section No. 19). Some ad- 
ministrations also turn the flange as soon 
as the radius of the curve at the root is less. 
than for example, Paris-Orleans 8 mm. 
(5/16 in.), Italian State 11.5 mm. (15/32 
in.). The Paris - Lyons - Mediterranean 
Railway turns up the tyres to the ori- 
ginal section, but with the flange slightly 
thinner (29, 24, 20.5 mm. (1 9/64 in., 
15/16 in. and 13/16 in.), instead of 32.5, 
27.5 and 22.5 mm. (1 9/32 in., 1 3/32 in. 
and 29/32 in.), to avoid reducing the 
thickness of the tyres too much. In the 
same way some Administrations lay 
down certain lower limits when turning 
the tyres; if these limits have not been 
reached when the tyre is turned, the 
tyres are allowed to go into service until 
they wear down to the limits laid down 
at which they must be withdrawn from 
service. 

The minimum thickness of the tyre 
decides when it shall be withdrawn from 
service; this thickness is fixed at differ- 
ent values by each railway : 

30 mm. (1 3/16 in.) [Nord carrying 
wheels, Paris-Orleans carrying wheels, 
Jugoslav State, Polish State, Alsace-Lor- 
raine, Belgian National tyre fastening 
other than the Caledonian]. 

32 mm. (1 1/4 in.) (Nord, coupled 
wheels; Est, standard). 

35 (1 3/8 in.) [Belgian National, Cale- 
donian fastening; Paris-Lyons-Mediterra- 
nean for wheels larger in diameter than 


1300 mm. (4 ft. 3 3/16 in.) ; French State, ° 


Rumanian State (carrying wheels) |. 

40 mm. (1 9/16 in.) [Midi, Paris-Or- 
leans coupled, Paris-Lyons-Mediterra- 
nean for wheels larger in diameter than 
1300 mm. (4 ft. 3 3/16 in.), Rumanian 
State, coupled wheels]. 

43 mm. (1 11/16 in.) (Est thickened 


flanges). 


On the Paris-Lyons-Mediterranean Rail- 
way the tyres are withdrawn from serv- 
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ice when their width is less than 135 
innaal, (Gray Alaska e 


b) Carriages and wagons. 


1. Please give information on the de- 
fails of the arrangement, position and 
dimensions of the springs (dimension of 
the springs, compression in mm./t., qua- 
lity and maximum tensile of the spring 
steel), in particular on the total deflec- 
tion with the vehicle empty as well as 
loaded. 


2. Have you investigated the oscilla- 
fion of the springs under load, on a sta- 
fionary and also on a moving vehicle ? 

3. Have you made any measurements 
of the oscillations of the wagons and 
carriages, or of the bodies of the wagons 
and carriages in the direction of the lon- 
gitudinal axis, lateral axis and the ver- 
tical axis? How and by means of what 
apparatus have you made these measure- 
ments and what resuits have you ob- 
fained? 

4. Do you use rubber or other special 
materials to damp out the oscillations 
and noise ? 


5. What is the length of the screw 


coupling lever used on the carriages and 


wagons 2? How many mm. can the buf- 
fers be compressed by means of these 
screw couplings and what is the result- 
ing compression, in kgr., between the 
wagons ? 

6. Supply particulars of the design of 
the bolsters, on the arrangement and de- 
tails of the bolster swing links, on the 
method of supporting the body on the 
bogies (centres with balls, stepped cen- 
tres, friction blocks, etc.). 


The spring gear of the Boats has Beat 
dealt with in Part I-B. 
_ Laminated springs, both. above. the 
axle boxes and on the bolsters, are gen- 


erally used on the « International » type, 


whereas on the « Pennsylvania » type, 
helical springs are chiefly used between 
the bogie frame and the equaliser rest- 
ing on the axle boxes. 


7* 
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The principal dimensions of the bogie 
springs are given in table 6. 


The flexibility per ton in the case 
of passenger carriages with elliptical 


springs (on the bogie as a whole) isi 3 
to 8 mm. (1/8 to 5/16 in.), the helical 
carrying springs (on one side) 5.9 to 
9.7 mm. (15/64 to 3/8 in.), the separate 
laminated bearing springs 14 to 26.9 mm. 
(35/64 to 1 1/16 in.) and finally in the 
case of the auxiliary springs on the 
spring hangers 12 to 16.5 mm. (15/32 to 
iL Sy/oes alin 

A systematic measurement of the trans- 
verse oscillations of the body at high 
speeds is being carried out by some Rail- 
way Companies in collaboration with the 
Technical Committee of the U.LC. (Union 
Internationale des Chemins de fer) and 
promises to give interesting and useful 
information. 

The Railways also endeavour to. re- 
duce the noise in the carriages by weld- 
ing the floor plates, and by covering 
them over with a second wood floor or 
with a layer of cork, The floor and the 
walls are lined with wood, laths covered 
with cloth being placed between the out- 
side sheeting and the wood lining, or 
the plates are covered with cloth or 
cork (Est, Paris-Lyons-Mediterranean). 

Some Railways insert a layer of wood 
between the body side plating to .insu- 
late the vehicle against noise and varia- 


tions in temperature (Czechoslovakian 
State). 
Indiarubber is used in isolated cases 


in the buffing and draw gear to avoid 
too sudden reactions (Est). 

The length of the screw coupling lever 
is usually - 230 to 380 mm. (9 1/16 to 
14 15/16 in.), and most often is between 
300 and 320 mm. (11 13/16 to 1 9/16 in.), 
the compression of the buffers is 10 to 
45 mm. (3/8 to 1 49/64 in.) representing 
a force from 2500 to 3400 kgr. (5500 
to 7500 Ib.). 

The bolster is built up of rolled sec- 
tions, of pressed plates or cast steel, In 
many cases it is covered with wood to 
deaden the noise. 
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F - Dist bet 
Wheel 8 as Diameter Length Meets bol ened ae 
f =e) , , between 
TYPE OF LOCOMOTIVE. — | arrange- = $6 of over eoatne 
ment. S 2 F wheels. buffers. sot Lleol ets i 
er ene rr rR RE SR RR A A NE LT a SS ET 
« Millimetres 
French Midi 46014 BB 90) 1 400 12 870 6000 | 2950 | 3 050 | 2 95 
Two | 
Paris-Orleans. EBB 4-80 BB 90 | 4 250 12 690 6100 } 2700 | 3 400 | 2 70 
four-wheeled 
fee EBB 104-180 BB 95 | 4 350 12 580 5940 | 2800 | 3140 | 2 80 
bogies. EBB 225-240 BB 90 | 1 350 42 754 5 700 2 800 | 2 900 | 2 80 
French State Locomotor BB 110, 1200 | 12140 | 6100 |2700|3400|270 
; “a Dista 
Wheel Ga. es Diameter Length Distance a 
Bos of between 
TYPE OF LOCOMOTIVE. arrange: | .2 3 | carrying over oe bogie 
aang drivine 4 ogie ogie wheel 
Ment allel 4s wheels, butlers. centres. 2 oan 
~< Millinetr 
French Midi 3401 2C2 120 900/14 750 |! 44500 9 200 | 2000 | 4 60 
Driving wheels | Paris-Orleans 504, 502 2D2 120 970/14 750 17780 -| 411450 | 2400] 480 
in the 401, 402 2D2 120 70/4 750 16 040 13 840 }| 2200) 157 
main frame 
a Italian State E 330 ACL 109 950/41 630 40 990 as 2 40) 
E 332 2C2 100 960/4 630 13 370 8 600 | 2 000} 4 50 
carrying 
egies: E434 1D4 100 1 4140/4 630 14 510 2 60 
E 482 104 100 1 140/4 630 13 910 one 2 40 
E 326 2C2 130 4 4140/2 16 300 44400 | 2 200 | 4 90 
Wheel anae Diameter Length | Dis- Distance betwe 
Soe i. tance 
Itl TYPE OF LOCOMOTIVE. arrange- - 3a carrying | over a Motor truck 
Ss * ) drivin jody oe 
ercaey [ ae wheels: buffers. | centres. : ee 
bogie. driving. © 
a ee ers 980 
Two : > Millimetr 
aoe Paris-Orleans E 604 2CC2 105 | 970/41 200 | 18 950 | 9 830 } 2 000 | 2 260 | 4 425 | 4 42 
trucks. P.-L.-M. 262 AE 2CC2 2  }4040/1600} 23 800 | 15 288 | 2.400 | 2 000 | 2 300 | 2 30 
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»comotives. ; TABLE I. 
WS i sR | 
Axle load. Total a a 1s 
zoral in metric tons. : Bou 3 “Sp 
heel weight, sprung =| s 
_*° meine ee ae | = 
a in metric] 3/38 
; I II Ill IV tons, tons. al 
ik 
b <i 
8 950 4X 19.45 77.8 59.2 0.76 | 
| 
8 800 BESS 1 Yess 69.2 49.3 0.74 | 
8 740 4X 18.27 73.07 | 541.76 0.71 
8 500 PAS AT 74.8 55.2 0.74 ii 
~ | 
8 800 4X 15.65 62.6 43.64 0.7 | 
‘tween wheel centres. ‘ Axle load, in metric tons. 22 el Z = = 
= = & Ger ba = “> 4.0 
driving. ios bogie. driving. bogie. Be |e] Fs 
Be ey eg fo) — 4 or tayo) 
ae ® ee Ee pen ss |i et |e, 
bogie. = 6 BS 4 Ae om 
a | I | ety : | | — de ae ey vat (= 


ae 


Or 
i 
oa) 
— 
ie) 
~ 
io 2) 
ra 
= 
roa 


2000 |} 2.000 | .... | 1600 | 2000] 11 200 83.9 | 0.84 


=— 
— 
or 
= 
co 
od 
(es) 
a 
oO 
eS 
lee) 
_ 
ie 
or 


104.5 | 0.83 
14.93) 14.93} 18 18 18 18 14.93] 14.93]131.72|107.24} 0°82 


Ke ie ats 17 17 AT ae 14 13 


{ 850 |.2 050 | 4 850 | 4 800 | 2 400 7 14 150 
{ 850 | 4 850 | 4 850 | 1575 | 2 200} 13 100 


S003) 48007) 2.) 2 4002), =. 8 400 
i800 }1800| ... | 1500) 2000] 10 600 
110) 2.350) £25350 2.600] =... 11610 
1710 | 2100 | 24100 | 2400) ... 10 700 
2500 | 2500] ... | 1900 | 2 2007 138 200 


11.2 | 46 | 46 | 46 SF 12 ms 02:3 alae 
is +46 | 46 | 16.5 | 16.5 | 418 ad RNG OWS baltic 
[See 16,7 2A6s8- | 16-82-4627. 1713.7:| sean fe 4k Tg ueOns 
42 | 21 |2t | 2t .. {42 [42 qt4a — | 89.5 | 0.84 


: : ap 
ents: Axle_load, in metric tons. ing Total a 5 

Total ; weight, | sprung 3 S, 

= Motor truck ‘ : weight, nee. 

ae wheel base. in metric in metric S Ss > 
hogie. driving. bogie. tons. tons. ele 


rucks. hogie. 


| driving. 


ee 


1 980 | 4 425 | 1 425 | 2 260 | 2 000 16 200 212.45 PD 1f ee ace 126 94 0.75 


2 000 | 2 100 20 800 2X12.5 6x18 2%12.5 158 128.4 0.84 


3 400 | 2 300 | 2 300 
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——————— o)o = | 
| | Wheel base, in millimetres = ls = 
| Wheel | SSS SS — 13a} Sam 
| : ) ss | of the pairs | ae | o 2 ah qa 
foe ee he Type of locomotive. . 2 | of coupled wheels | Ee w EIB |S ¢€ 
| = FTE 1D pest Oe aS = 235! o> 
| ment. oe Exe | | ees | oe he ef i 
' Oo} "Se =!) Li | W-10 | Liv] $25 m/s | o 
aie & | | [sss oe 
/ 4. Belgian National Ry. Co. 17 11981 | 2236 | 2744 7 035] 2744 | 0.39 
| 4-4-0 elgian National Ry. Co " ee ae Swe 7 487| 2 895 | 0.40 
20 12250] 2500 | 2895 7 645| 2 895 | 0.38 
66. 1:2 200 Lim2-800. 13000 eek Ps .- | 8000} 3000] 0.37 
4.4.2 6 $2250] 1850 |2090/ ... ... | 2450] 8640] 2090] 0.24 
69 2 200 2350 |2300| ... .. | 3900 | 10 750] 2 300] 0.24 
French Nord 2643 2 100 4 850 | 2 150 3 ne 2 400 | 8 500} 4 550 0.53 
Paris-Orleans 3001 2 300 4-750>-|.2 450 4s tag 2500} 8 700] 4650] 0.53 
Egyptian State 2 A340\)9 20450 | 2.083. eaecs es 3 200] 9 462] 2083 | 0.22 
4-6-0 Belgian National Ry. Co. 7 [2250] 4880 |2000/2750] ... ... | 8880] 4750] 0.53 
9 9 2200 | 2060 | 2 200 eae _ 8 710} 4 260 | 0.49 
Alsace-Lorraine S$ 10! 2 200 2200 | 2400 | 2600 2% — 9 100] 4 700 } 0.51 
French Est 3100 12400} 1840 | 2200/2750] ... ... | 8890] 4.950] 0.56 
Midi 3501 | 2300] 2400 | 2000/2700] ... ... | 9400] 4700] 0.52 
Bai deatts 001) 2100] 2000 |2150}2250| ... | ... | 8500] 4400] 0.52 
4001 |2300] 1750 |2000/2200| ... ... | 8250] 4200] 0.54 
(2 WY 250 C 2 000 4.935 | 1 9201 2 680 ae — 8 535] 4 600 0.54 
230A $2000] 1955 |4830/2100] ... ... | 7885! 3930] 0.50 
Italian State 671 2 350 4750 | 2050 | 2 050 so c=? 8 200} 4 100 £8 
Polish State OK 22 2 200 4570 | 4 880 | 2 700 oa a 8 350] 4580 | 0.55 
Rumanian State 230000 2 200 4570 | 4 880 | 2 700 a 8 350] 4580 | 0.55 
4-6-2 Belgian National Ry. Co. 10 [2050] 4675 |2050/2050! ... | 3600/41 425! 41001 0.36 
French State 251 $2300} 1700 | 2050)2050| ... | 28001410900] 4 100] 0.37 
Alsace-Lorraine $14 2 300 1700 | 2.050 | 2 050 —_ 2 800 | 10 900] 4 100 | 0.37 
French Est 31000 2 300 4700 | 2050 | 2 050 oa 2 800 | 10 900] 4 100 | 0.37 
Midi (sost) | 2300] 1700 | 2050/2050] ... | 2600 | 10 200] 4 100 | 0.38 
3101 2 300 4550 | 2050 | 2 050 RY: 2 700 | 10 650] 4 100 | 0.38 
French Nord $1251 2 300 4 850 | 2.040 | 2 010 ae 2 250 | 10 420] 4 020 | 0 39 
> Paris-Orleans 3501 2 300 4700 | 2.050} 2 050 he: 2 600 | 10 700] 4 100 | 0.38 
: 3591 2 300 4524 | 2.082 | 2 032 se 3 280 | 44 168] 4 064 | 0.36 
3641 2 300 4700 | 2.050 |-2 050 ES 2 800 | 10 900] 4 100 | 0.37 
4501 2 300 4700 | 1950 | 4 950 Bn 2 600 | 40 500] 3 900 | 0.37 
; Pei: 26L.D 2 300 4700 | 2400 | 2 100 ne 3 030 | 441 230] 4 200 | 0.37 
45 Italian State 691 2 100 4650 | 2450 | 2 150 wie 2 900 | 10 950) 4800] ... 
E: Rumanian State 231000 2 100 1470 | 4950 | 4 950 ... -| 3700 | 44 170] 3900] 0.35 
py Jugoslav State 2500 4750 | 2100} 2400} ... | 2200]10650} 4200]... 
= | Czechoslovakian State 3870 2 300 {600 | 2.050 | 2.050 Ret 3 000 | 44 000] 4 100 | 0.37 
Sis 48-0. |. Polish State Os 24 |.2440]. 1550 |4 850/14 850/4 850] ... 9540] 3 550 | 0.37 
2 4-8-2 | French Est 241000 | 2100] 1650 | 2 050 | 2 050 | 2 050 | 3 270 | 13 170] 6 150 | 0.47 
e Polish State : ‘Pu 29 2 100 1500 | 2.000 | 2 000 | 2 000 | 3 600 | 13 200] 6 000 0 45 
B*; P 52-620 Italian State 640 oval} | 32 550 | 1489500) 27250' |) #3 6 750} 2 250 | 0.34 
43 2-6-2 685 ov * 2500 | 2000 42950 225, 2000} 8 450] 1950] 0.23]... 
eg ts) men Eres ts 746 ane * 2600 | 4980149801 4980 | 2-700 | 44 240139601035] .. 
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TABLE 2. 
Axle load, in metric tons 5 a 4 ie g| 2° g ; Side movement + mm. ear 
7% ah : 2E8 we SEP ae Thickness of flange reduced | mm. 
= =n ° = |S |e MOIS gs gi——— —— — 
Pros lZele| 2a [WS win Be & 
bogie coupled S [Eee Ee ae |g e a's E g Coupled wheels 5,2 
g 1,83 (22/6l 4. \Reeie 83] & to S 
ES, pee Sees) oleae Aeelese| < | Bled 
fee | 7 it lvl) e is SO eh co bal ac ce es Re nw EE Fay ee 
eee ee eee eis Ae gol | eee IS shzsl 3 aS 
o faa iS) | 
ee ee] fet) en Sees 
SAGs APT TS 01530) ee Vege he 15243] 0249 |... 19 |L 7.5 
$8.70] 8.35/18.30/48.00] ... | ... | ... | 53.85) 0.48 |... es le ahs 
1.00|44.00/48.60/48.30| ... | ... | ... | 58.90] 0.59]... 35 |. 7.5 | 
3.30/13 30|(7.50/17.50] ... | x. 61.60] 0.71 |... 40 |L 5 
9.90) 9.90]18.60/18.30} ... | ... | 17.80] 74.50] 0.53 |... 40 is ee 
2.50|42.50|16.50/16.50| ... |... | 16.50] 74.50] 0.76 |... SON ae a7 
9.50| 9.50/18.50/18.50| ... | ... | 14.00] 70.00] 0.54 | 56.60] 0.81 55 |L 2 [119.5 : 
(0.40|10.40]18.00/18.00] ... | ... | 17.20] 74.00] 0.58 | 58 80} 0.80 45 |1 4 3|1 16.4 
33°90 |17.90/48.60] ... | .. | 17.70] 77.50] 0.63 | 62.90] 0.84 50 % 6.35 
4.94/11.81/19.82|19.98]}19 92] ... |... | 83.47] 0.60]... is 80 eas 
4,00]414.00]48.30|18.00/17.00] ... | ... | 84.30] 0.76 |... f 80 IRS 
— 
32.20 |17.36|17.32/17 34] ... |... | 84.19] 0.98 | 69.20] 0.77 40 145 
24-70 |17.90/48 40/18.40| ... | ... | 79.40] 0.67 | 64.50] 0.78 55 |! 5.3|1 5.3 
4 50}41.50118.00/18.00'48.00] ... | ... | 76.30] 0.62 | 61.50] 0.84 50 116.25 
9.50] 9.50146.50|416.70/46.60] ... | .. | 68.80] 0.57 | 53.70] 0.78 poate ts | 46.4 
0.35}10.35/18 20/48-20/18.20] ... | ... | 75.30] 0.57 | 58.90] 0.78 45 |1 43/116 4 
4,25/44.25116.98|16.99/16.99] ... | ... | 73.46] 0.66 | 58.30] 0.79 |... BGek sat Oke Pere 
8.68] 8.68/14.45/14.45/14.45] | 2. | 6u.741 0.60 | 45.80) 0.76 |... BSH a ume 26 
2,00|13.80|45.8015.80]15.80] ... | ... | 73 20) Oar f | fone P BOP ae | oo | 10 
4.00|14.00/47 00|47.00/17.00] ... | ... | 79.00] 0.82 | 60.80] 0.77]... 40 | wi [oe d3 
areal 
23.00 |16.92|16.90|16.66] ... 73.48] 0.68 | 55.60] 0.76 |... 40 |... [445 ia 
2.00/12.00/22.40/22.40/22.20] ... | 22.00]413.00] 0.53 |... |... ra) Pree y ae Agee 3 2 15 
based | 
22.70 |49.00/19.10/49.20] ... | 17.75] 97.75] 0.59 | 80.70} 0.83 1 ie, | read see. | anda’ |e ee 
23.40 |48.60/18.50/48.60| ... | 17.40] 96.50] 0.63 | 77.60] 080 ]4575] 60) -. J we [oo 5 
93.60 148.40]18.50/18.50] ... | 17.80} 96.80] 0.64 | 76.90] 0.80 | 4.575 | **60 a 92 
0.70|40.70 14.60] 90.00] 0.60 | 74.40] 0.79 i 
AAB|11 15)18-00]48-00)18.00] ... | 45 "oof 94.30} 0.62 | 72.40] 0.79 SOr aie LAGee 45 
0.25/40.25/18.00|18.00]418.00] ... | 14.60] 89 10] 0.57 | 70.40] 0.79 1985] 50 |... |146.25 50 
5.60/15 60/49.00/19.00]18.80] ... | 12.50]100.50] 0.82 | 82.20] 0 82 65 [12 (119.5 85 
4.60|14.60/17.65/17.65|17.65| ... | 16.65] 92.80] 0.66 | 73.10] 0.79 45 |L 4.3|116.4 46 
130(44.30117.85|47.83/17.85] ... | 17.45) 93.30] 0.63 | 72.70] 0.78 | 1975] 83) ... [146.4 64 
430144 .30148.80|49.00/18.80| ... | 46.90] 96.10] 0.60 | 74.90] 0.78 | 1575] 60 1. 6:8 
424/44 .24(417.44/17.44/17 44]... | 15.20] 89.94] 0.64 | 74.20] 0 79 45 [1 4.3|1 16.4 46 
oot .00/48-50/48 50/18.501 ... | 46°50] 94.00] 060 | 73.00] 0.78 | 1.900] 60 110 66 
0 00/40.00/48.00/48.00/48.00| ... | 16.50] 90.50] 0.56 | 74.10] 0.79 | 2350] 40 res, 25 
$726 |16.85/17.17]16.90| ... | 14.50] 92.68] 0.79 | 75.20} 0.84 60 age) 60 
4.37/14.37/17 55/47.55|/17.55| ... | 146 60] 97.99] 0.82 | 74.80] 0.7 ce 110 
14 20/41.50/46.60|/16.70]46.90 16.70] 89.60] 0.66 | 70 60|.0.79 |... BO: trot |S40, | Ae a ee 
'3.00|44.00]45.80]45.80|15.80|15.80] ... | 90.20) 5°g8 { 7.10] 0.79 | ... | 40 Te] >See eee 
—— S 
25.18 {418 80|18.60|48.50/48.80 (7.30| 117.48} 0.67 | 91.70] 0.78 | 2 400 J*#125 rae ali 6.8|1 6.8} 4.5 0 
[1.00/44 .00]48 .00|18.00]18.00}18.00] 17.00]444 00] 0 61 | 85.50 0.77 | 2300} 100 a0: ae 
40.50/44.60/14.70/14.70] ... | ... | 54.50] 0.74 | 42.30] 0 70]... BOM OTOL | tan bee a 
44 20/45.60/45.80/45.50] ... | 44.00) 72.40] 0.70] ... |. a5 ba0e| oo eee 
“x. |13.00146:20(46.20116 20116 201 16.001 28,80] 0.80 | 1 TRUON AOU Ns 00116. 20146.20116 20/16 20] 16.001 93.80] 0.80 a150 | ecR0-AS ee |e 4 ES eee 


** Flange thickened + EE eee mm. 


L 
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Centering gear on steam locomotives. TABLE 3. 
F : ; | Centering se Design of the 
Type 3 How carried force in pave control springs. 
] oq a ie Sess 
of A = on the Bw | (Cross | 5 Remarks. 
locomotive. F é hogie. initial.| final. E 3 / section, | 3 E ‘ 
3 zs | in mm. | Big 
— i—| Z 
De ~- € 
A) Control by laminated springs : | 
Belgian National Ry Co. 66 4-4-0 1 200|3 600] ... mae 
69 4-4-2 4 700 | 5 533 $5 oa Ke ee ne 
Egyptian State 4-4-2 her ier aiid 6 88.9X 15. ies 
Alsace-Lorraine -S lo-t | 4-6-0) Plain side | 3%G09 | 7300] 4 | 90X13 | 10.7 
Rumanian State 230000 4-6-0 os 3 000 | 7 800 4 90 13 ee 
Polish State Pu 29 4-8-2 450 | 3 480 5 9013 =e : 
Ok 22 | 4-6-0 909} 4545] 4 90X13 |... pate oS 
French Est 241000 4-8-2 6940} ... 16 90x12 9.8 With helical : 
French Midi 3501 4-6-0 4000] 7100] 13 15x 10 8.3 ae es Se 3 
oe 4-6-2 Spherical side 4000} 7100] 13 75X10 8.3 mm., fler. 20. 
3101 | 4-6-2( Perings. J 4 990) 7100] 13 1X10 | 8.3 ; 
Rumanian State 231000 4-6-2 4 250 | 5 v00 6 100 10 S06 
Polish State Os 24 4-8-0 { 225 | 5 528 T 9040 de 4 
French Hst - 3100 4-6-0 1°%85-| 5 TAS. §. 11 75X10 % ‘ 
French Nord 34254 4-6-2 ees 2200/5900} ... eS ius 4 
Czechoslovakian State 3870 4-6-2 | Spherical centre.} 4 125 Wes 7 90 10 ETS 
Jugoslay State — 4-6-2 ats 1a ae cial eee 
B) Control by helical springs : 
Belgian National Ry Co. 17 4-4-0 Plain centre 0 4 200 
18 4-4-0 bearings. 0 4 200 
French Nord 2643 4-4-2 4 000 | 9 500 
Paris-Orleans son er Spherical Bide i 
3504 4-6-2 bearings. 4 500 | 9 000 ‘ 
4504 4-6-2 
c) Control by inclined planes : 
P.-L.-M. 231D 4-6-2 4 004 | 4 519 ae ‘ 
230C 4-6-0 | Spherical centre.} 280 23 3% 
230A.M 4-6-0 295 23 a 
pb) Control by bolsters : 
Belgian National Ry Co. 20 4-4-0 0 3.680 
6 4-4-2 x on 0 3315] . se 
u 4-6-0 Breen 4 480 | 5 450 Triangular swing links, 
9 | 4-6-0 ta hes 0 {5540 xt 
10 4-6-2 0 4 875 
Paris-Orleans 1745 4-6-0 2 850 |,6 000 ( 
3204 Triangular swing lin 
3501 | 4-6-2] Plain centre | 4 430 | 8 880 \ 
3641 4-6-2 bearings. O |8880] . 
French State 234 4-6-2 0 9 500 
Alsace-Lorraine S 14 4-6-2 0 10500] . 7 
French Est 31000 | 4-62! A a% Ps 
E) Control by bolsters and volute springs : | 
Italian State 674 4-6-0) Plain centre 4 4 800 | 2 800 f ae 
694 4-6-2 bearings. 20v0} 3000]... 5 
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AL = Alsace-Lorraine, Est = Est. , 
B_= Belgian National Railway Company. T = Czechoslovakian State. 
ee: te Paris-Lyons- Mediterranean. PO = Paris-Orleans. 

= Nord. , 


P = Polish State. 
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Ti—149 TABLE 5. 


140 (195) 
55, (So) 


Eg = Egyptian State. Y = _Jugoslay State. 
EK = French State. I = Italian State. 
M = Midi. norm. = standard. 
R = Rumanian State. 
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| EZ | 8 a 3 "Total a. tAmle 
n 24 eo 2 | s | 
| lae/3 S|) 3 s & . | weight | load, ; 
Name of Administration, Type. | a 3 Peek) 2 vis F | empty, (loaded) Type of bogie. 
| Ss be ieee | fe 3g” | in metric in 
ee ae ec bros tons. | kgr. 
| | 5 | = = | 5 
< Metres ———> 
Belgian National Ry. Co. . III, TIL {22.300} 2.500}14.400} 4.010 | ILI 43.— 10 750 J}Penn., monoblock or cast 
I/Il 47.7 11 925] steel parts. Inter., steel 
pressings, steel castings. 
Hgyptian State. . . . . I 21.061} 2.488]13.716} 1.443 47.5 Penp., steel pressings. 
Hrench state, -)seiern ora C)°yfi 22.965} 2.500}15.045] 920 44 —| 12 400 |Penn., steel castings, 
Alsace-Lorraine . . . . B* yfi 21.460] 2 500}14.570} 920 42.—| 11700 [Penn., steel castings. 
Bren ChyLSb wc aks eae wood 19.370] 2.500}12.630] 4.050 se # 10 000 [Inter., steel pressings. 
all-metal}]23.530} 2.500]15.500] 920 ioe #» 13 000 [Penn., steel castings. 
hrenchgMidisessLN—-s.: B°yfi 22.560] 2 500]14.680) 920 46.1 12 772 |Penn., steel castings. 
FrenchyNord =..." <3 A8yti 22.350] 2.500}15.500] 920 48.— 
B°yfi 22 3527 2.500]15.502— 920 48 .— Penn., monoblock, steel 
Ciyi 20.850} 2 500}14.000] 920 43.5 castings. 
Dd4yi 20.254] 2.500}13.404f 920 39. — 
Paris-Orleans . . . . A8yfi 123-432] 2.438115.000] 920]... {4 486 [Penn. 
Paris-Lyons-Mediterranean . A®CSyti 21.580] 3. 


A’yti 23.370] 2.500}15.490] 920 46.8 12 545 


w 


Penn., monoblock, stee’ 
castings. 


w 


-500}14.680} 920 46.4 12 855 


000} 14.450] 4.050 50.1 13 145 
Byfi 22.560 : 


Cyt [22.085 
Dd2yi {20.020 


-500}15.085} 920 43 
500}13.480} 4.050 34. 


12 365 
11 670 |Inter., steel pressings. 


WwW Oo 
“100 


italian States. = =, : Ra x ‘ F 

alian State I, II, HI, 1,11]24.040} 2 500)14.520} 4.010 ie oe Phe Inter., steel pressings. 

Ill 40.8 
Bolish| States. 6. 22. a 22.020} 2.125]414:600]1.000 | 44 —46 oe Penn., steel pressings. 
Rumanian State . . . Aal 24.040] 2.500]14.520] 4.000 42.4 mae Inter., steel pressings. 
Cal 19.750} 2.500}43.500} 4.000 38. = re Inter., steel pressings. 

Czechoslovakian State . . Ca » 22.750} 2.500}13.500] 4.000 44.4 | 42 800.]Penn., steel pressings. 
Jugoslav State. . . . Wis 19 6507 2.150}13 O00}... ee a Gorlitz. 

Note: Penn. Pennsylvania. : < 


Inter, = International, 
res, 


rlages. 
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TABLE 6. 


Play on 
er side (in mm.) 
of 


axle guard 
in 


° the box. 


transy.| long. 


a 


3. 2 45 
2 2 
2 2 
3 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 3 

21/2 2 


Side movement 
of bogie bolster, 
in mm 


Spring gear 


between wheels and 
bogie frame. 


+ 20 |Helic. springs G 37, 25/—. 


+ 20 


4 indep. spr., 91. polars 
Helic. G 33K 1 7/44 


Helic. sprines D 34.9, 23.8, 15.9/8.5. 


+ 15 |Helic. ¢ 37, 25/11.8. 


+ 15 |Helic. G 34, 22.5, 15/16. 


4+ 25 
eis 
+445 


+ 15 


+15) 
se 45) 
+ 15 


Se ils 
Se 418) 


+ 20 


+z 29 
ae 6) 


SE) 25 


11/2) 44/2) + 25 


= Aindep., 9 1. 90% 13/15.7. 
- ellipt. 31 24.5/12. 
Helic. Q 37,25/18.6, 37.6. 


Helic. 
Helic. G 34, 22.5, 15/19.4. 


Helic G 34.7, 22.2, 15.9/13. 


Helic. G 36.5, 24, 16/12. 


4 indep. 72 90 17/8.5. 
S Helie. D 22.5/16.5. 


4indep. 102 10013/47 
S 8 disc springs 4180 See 6 


T.5 
Helic. G 34, 24, 16/15. 


4 indep., 111. 90X13/26.8. 
Helic. @ 308. 


4 indep. 10 7. 9213/16.5. 
S Helic. 18.7% 36/22. 


Helic. G 34, 23, 16/10.2. 


9l 


between bogie frame 
and body. 
(Ell. lasm. springs). 


90 10/15.98. 
909/51 —. 


88.9X41.4/ 11.4. 


15.98 corridor. 
aes 10/49 compart. 


9010/16. 
90 9/54.6. 


90x 10/32.— 


90> 10/24. 


75 X 10/419. 


100 x 9/24 compart. 
100% 9/26.8 corridor: 
MOINS 24 compart. 
32 corridor. 
32 \ compart. 
90X 10/32. 

90% 14/15.2 


715X 10/29. 


7510/36. 
16X9/16.2. 


90X9/49.5. 


90 10/14.3 


31.96 corridor. 


rotation 
of the 
bogies. 


‘ 


min. 5° 


6° 


To 
5° 57’ 


6° 9! 
60 42! 
60 25! 


6° 33! 
6° 20! 


5° horiz. 
3° 30 vertic. 


40 41 42" 
205) 


29 15! 


To 


i 
; 
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Steam locomoti 


6: = Bee a af 
bi ea 
ae) BEG 
4 
B69 ar a 
LOL ey 
N 2643 Tar 
4 PO3001 j3m 4 
n HDI 
aoe ot 


The leading end of all the engines is to 
the left hand. 


EXPLANATION : 
Carrying pair of wheels 1 
Driving or coupled wheels if 


Longitunal 


equalising levers 
Transverse 


| 
Actual or theoretical point Kr 
of suppor. 


oR 


Ww 
vu wm oo qu 
poesia S 
al =_ = 
bl t-- a tn gil We--t tho 
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The bogie truck on the Italian locomotives 
I 640, 685, 746, is itself carried on three 
points. 
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Centering gear : 


—____— 


Ci fae 


4 laminated springs 
{ for each wheel), 


2 longitudinal laminated springs. 


by laminated springs. 
by helical springs. 
by volute springs. 


hy inclined planes and helicoidal 
surfaces. 
by bogie bolsters ordinary. 


with swing links tate alay 
) d te} o . 


s of Ten see table 4. 
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Two four-wheeled 
motor bogies. 


French Midi 4601 


Paris-Orleans EBB 1-80 


EBB 101-180 


EBB 225-240 


French State locomotor 


II, — Driving wheels in main frame 
and carrying bogies. 
= 2s oe 


French Midi 3101 4m a5 


Paris-Ovleans 


Paris-Orleans 


Se) 
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cousse@ 
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Electric locome 


ate Ea 


. — Two motor trucks. 


Paris-Orleans E601 


Faverses Gansevuses 


P.-L.-M. 262 AE 


entre las pivots dela caisse 


Oppui's dlashques laleraux 


-Orleans 


-M, 


Orleans 


ension gear. 
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Springs 


TABLE 8. 


Type 
; ; sprees How carried y 
of of bogie wheels. of driving wheels. Centering gear. 
on the bogie. se 
somotive. Number and cross section of leaves, inmm., 
flexibility in mm. per metric ton. 
460144 independent springs, Central, Coupling 
14 1., 120x12/6.75 conyex. between bogies. 
Helical, @ 32/6.4. 
Orleans 2 longitudinal springs, Central, 
31 l., 130 x 10/8.9 plain. 
Helical, g 29.17/8.82. 
EBB 101}4 independent springs, Central, 
1S LOS} 625: plain. 
Elliptic, 7 7., 140 12/16.3. 
EBB 22514 independent springs, Central, Spring coupling 
14 1., 100x12/8.2. hollowed. between bogies. 
Helical, @ 30/10.6. 
h State = longitudinal springs, Central, 


130 x 12.7. 
Helical, @ 32, 18/4.37. 


E locomot. 


3101]4 independent springs, 
18 l., 90x 8/8. 


h Midi 


501}4 independent springs, 
12 |., 100x9.5/4.56. 
Helical, @ 29/7.78. 


40142 longitudinal springs, 
93 1., 90x15/4.25. 


2 independent springs on 
330 carrying pair of wheels, 


i3 1., 90X 13/8. 


35214 independent springs, 
AA 1., 9UXx 13/5. 


4312 independent springs on 
carrying } air of wheels, 
15 1., 90x13/6. 


432] 2 independent springs 
12 1 90 x 13/5 
longit., 151.,140x 1é /¢ 


32614 independent springs, 
12 1., 90 x 13/5. 


n State 


2 longit.. 
23 1., 120 11/4.6, 
262 AE 2 longit. 
471, 120 14/4.8. 


For explanations, see tables 5 and 7. 


24 1., 120° 9/'7.6. 


1515120 1276.9: 


14 I., 100 x 13/6.25. 


15 1., 120x 13/5. 


15 1., 120x 14/5. 


15 l., 90x 13/7. 


22 1., 130 x 10/8. 


17 l., 120 x 13/7. 


10 1., 100 11/7.38. 
Helical @ 30/8.4. 


16 I., 110 x 12/6.75. 


with ring. 


Non support-} Laminated spring, 
ing centres. | 15 l., 75 x10/8.3. 


See figs. c, d, 
table 4. 


See figs. a, b, 
table 4. 
Non support-} Volute spring. 
ing centres. 


Central, 
plain. 


Bogie bolster ; 


volute spring. 
Non support-} Volute spring. 
ing centres. 


Bogie bolster: 
volute spring. 


Sentral, 
plain. 


Non support- 
ing centres. 


Laminated springs. 


Central. [Inclined planes and 
spherical. helical surfaces. 


Centering 


force, 

in kgr. 
initial.| final. 

9 500 

4 000 | 7 400 
1 800 | 3000 
1 800 | 2800 
1 800 | 2 800 
2.000 | 3 000 
2.000 | 3 000 
2700 | 3700 


Remarks. 


Side equalisers 
of bod 


y> 
121.,100 x 10/9.5 


Side equalisers 
of body, 
121.,100x 10/9.2 


2 spherical 
side bearings. 


Zara bogie. 


Zara bogie. 
Italian bogie. 


2 spherical 
side bearings. 
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Suspension springs on steam locomotives. TABLE 9. 
(Number of eaves, section in mm. and deflection in mm. per metric ton.) 


Bogie with two pairs of carrying 
wheels i} 
TYPE OF LOCOMOTIVE. ————— ee Coupled wheels. Carrying wheels, — 
4 independent 2 longitudinal 
springs. springs. ; 
ee aaa gS SSS... 
Belgian National Ry. Co. 17 | 4-4-0 | 
48 | i» 
AV | 
66 | 
6 4-4-2 on a0 wee 
69 ” ve | ra iy sa 
French Nord 2643 ” 442 90X410/5.2 aos 462 110 12/5.6 | 167 110 12/5.6 
Paris- Orleans 3001 ” 142 90X10/5.6 ee 451 120 12/6.20 | 152 120% 12/6.2 
| Egyptian State ” A$ 161. 88.9X15.9/—} 141 pe ae | 140 88,9 14.3/—F 
Belgian National Ry. Co. 7 4-6-0 25 iat | tee 
9 ” Pia $6 
Alsace-Lorraine S 404 » ‘ee 1461 90X16/4.65 | 141 90X 13/9.75 | 
French Est 3100 , 231 100X7/9.4 22 141 120% 11/6.2 
French Midi 3501 ” 182 90X8/8 Bas 17l 100 12/9.05 
Paris-Orleans 1715-3201 ” x f5L- 440X412] 7.2 152 120%12/6.2 
‘ 4001. |” » 441 YOX10/5.6 | Fes 151 120X12/6.2 
P.-L.-M. 230 C ” Ri 161 120% 14/7.47 | 201 100X10/7.6 
230. A » ae 401 90x 14/4.9 130 110 12/5.28 
Italian State 671 ” 131 - 90X13X8.— ee 132 90X13/8.-- | 
Polish State OK 22 » aa 441 90X16/5.7 12t 120X13/9.4 
Rumanian State 230000 ” ; Sa 140 90X41: /4.8 | 420 120138/9.2 
Belgian National Ry. Co. 10 4-6-2 rice Seis = 
French State 234 » ve {52 12513] — wet eee 
Alsace-Lorraine S 14 ” Ba 151 125 13/6.6 152 120X12/6.7 122. 90 13/4.5 
French Est 310000 | » a 157 125X13/6.04 | 152 120%42/6.33 | 122. 90413/4.75 
French Midi 3001-3051 ” 182. 90x8&/8.— seis 452 120X 12/6.64 Cf28/40.— 
3404 » 181 90x8/8. — “ 152 12012/6.64 | 447 Gees 
French Nord 3.1254 ” 151 4100 10/4.6 “a3 427) 110X16/5.7 442 110 12/6.3 
Paris-Orleans 3501 ” 141 90X10/5.6 Poe 152 12012/6.2 ch 28/10.— 
3 “3594 ” ee | 242 127X9.5/5.68| 452 114x414/6.2 102 127X 16/6.5. 
3644 ” oe 152 125 18/4.9 452 12012/5.38 | 422 9013/4. 
j 4501 ” 147- 9010/5.6 hes 152 120 12/6.2 c{a 28/10. — 
a: “- P.-L.-M. 234 D ” ae 152 120X45/4.95 | 162 1410 12/6.75 D 87/12.4 
: Italian State 694 ” 410) 90 43/5.— se 151 120 13/5.— 92 4130 15/5.— 
aoe Rumanian State 231.000 ” 101 9013/3.9 ole 452 9UX18/6.5 | 152 90X13/6.5 
Tee Jugoslav. State % ex a : me 
* Czechoslovakian State 3870 ” ; eae ee: 16£ 90 13/47.2 | 157 90 13/8.3 152-90 13/6.5. 
- Os 24 4-8-0 | 171 90 10/8.5 On 121 peetaee te 
= French Est 241000 | 4-8-2 | 22/ 1007/13.97 ae 171 120 411/8.2 231 1308/17. 16 
ne Polish State Pu 29 33 x. 147 90 16/5.7 122 120 13/9.2 
oe. a ee 
ey ae : = I 
Fa & Italian bogie. as) 
eee ; Carrying wheels. (transverse spring). . } ene | 
ie a SRS AS en I , ber ae RTT Tir KEE aRR CREE eer Emam ere f 
3 Italian State. 640 | 2-6-0} 142 90%13/5.— | 137 130% 15/4.5 132 90 413/8.— | 


685 | 2-6-2] 141 90413/5.— | 442. 130X15]/4.— | 450 90X13/7.— | 141 130 15/4.5—] 
- 746 | -2-822-] 44170- Bel Sa 140 130K 15/4.— | 4150- 1201S 150 ete =| 


E 
| 


~~ 


ree: 
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Part Il : PERMANENT WAY. 
I. — Strength of the permanent way. 
QUESTIONS. 


1. Are your lines classified according 
to the axleload = 


tare weight + live load 
{Een ee eee 
number of axles of the vehicle, 


or by the weight per metre = 


tare + live load 
length of the vehicle over buffers ? 


2. When classifying the lines from the 
point of view of the design of the per- 
manent way, do you take into account, 
in addition to the maximum allowable 
running speed, the number of trains, the 
gradients and curves, and any other fac- 
tors ? 


3. Is it possible to propose and on 
what bases, an international classifica- 
tion of lines ? 


4. How do you calculate the strength 
of the permanent way (formule with 
explanations) ? 

What are the maximum stresses allo- 
wed on your railway as regards the rails, 
sleepers and switch points ? How do you 
take into account the longitudinal stres- 
ses in long rails ? 

Are the maximum stresses allowed de- 
pendent upon the type of track ? 

Do you take the running speed into 
account when calculating the permanent 
way ? 


5. What design of permanent way do 
you adopt for heavy axle loads and high 
running speeds (weight of rails in 
kgr./m.) ; length of rails in metres ; 
rolled or welded long rails (length 25 m. 
(82 feet)] ; sleeper spacing in cm., along 
the rail and at the joint, with wood or 
metal sleepers; type of rail fastenings 
used on wood or steel sleepers ; thick- 


ness in cm. of the layer of ballast below 
ihe top face of the sieeper on curves, 
measured below the inside rail ; for both 
wood and steel sleepers is ballast ram- 
med or compressed by roller ? 

Please attach drawings and descrip- 
tions. 


6. In the case of lines over which 
trains run at high speeds have you made 
provision for preventing the track gett- 
ing out of level, the ballast from swell- 
ing due to frost, and overcoming the 
unfavourable subsoil conditions by lay- 
ers of sand or ashes, by drainage or 
other methods ? 


* 
* * 

The question of the strength of the 
track is in itself too large to be con- 
densed within the limits of the present 
report even in the briefest manner. The 
earliest endeavours to establish a me- 
thod by which to calculate the strength 
of the track date back to nearly 100: 
years. The theoretical bases of the cal- 
culation were set out by Winkler in 1867 
and 1875. Zimmermann developed his 
general calculation of the ‘track in 1888, 
his method being based on the works of 
Winkler, Lehwald, Riese, Schwedler and 
others. Winkler was the first to apply 
the principle of the proportionality bet- 
ween the pressure of the rail and the 
elastic deflections of the supports into 
the ballast, which is called the ballast 
coefficient. : 

In addition attempts were made to 
support the theoretical investigations by 
results obtained by direct observation 
and by experimental measurements. The 
wellknown works by Wasiutynski, Ast, 
Weber, and others remain of lasting va- 
lue. 2 
The stress acting on the track cannot 
be calculated statically alone. It must 
also be considered from the dynamic 
point of view and becomes extraor- 
dinarily complex if vibratory phenome- 
na in the vehicles as well as in the track 
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are also taken into account. In princi- 
ple we start from the transmission of the 
forces from the vehicle to the track. In 
this connection a very thorough theore- 
tical knowledge not only of the relation- 
ship between the forces acting on the 
track but also of the observation and 


“ measurement of the effects thereof is al- 


so necessary. The loads of the wheels 
transmit to the track dynamic as well as 
static forces. The parasitic movements 
of the vehicle are divided into six cate- 
gories relatively to the three axes of the 
vehicle X, Y and Z. There are three 
rotational effects: about the parallel 
horizontal axis (oscillations called roli- 
ing) ; about the horizontal transverse 
axis (oscillations called hunting); and 
about the vertical axis at right angles to 
the track (oscillation called nosing); and 
three forces of translation : longitudinal, 
transverse and vertical. When carrying 
out investigations, certain hypotheses 
have to be made as regards the oscilla- 
tions, ete. If the vehicles and the track 
are supposed to be in good average con- 
dition, these fundamental values should 
be deduced either from a consideration 
of the design of the vehicle, such as the 
flexibility and friction of the springs, the 
amount of the side play allowed in the 
axle boxes, the value of the vertical com- 
ponent of the centrifugal force due to the 
counterbalance weights, etc.; or these 
values should be determined from une- 
qualities in the level of the track in the 
vertical and transverse directions. As 
an example, following Couard’s method, 
for well-maintained track, the variation 
of level may be taken as 6 mm. (15/64 
inch); for badly maintained track, 12 
mm. (15/32 inch); and for very bad 
track, 24 mm. (15/16 inch). The deflec- 
tion of the rails under load at low or 
high speeds is evaluated very differently 
by different investigators. For high 
speeds the observations recorded have 
not supplied sufficiently definite bases 
especially on the influence of speed on 
the extent of the elastic deformations, 


nor on the influence exercised by pos- 
sible track irregularities on the magni- 
tude of the parasitic oscillations. 

The exactitude of the theoretical cal- 
culations of railway permanent way is 
made difficult by the lack of knowledge 
on certain influences, such as the values 
of different types of vibrations and of 
damping out of the vibrations, which so 
far have hardly been enquired into. 

The values of the contact stresses and 
the specific pressures between the wheel 
and the rail under the influence of which 
the depression and consequently the de- 
formation of the whole is produced de- 
pend upon the quality of the steel. This 
also influences the rolling friction and 
the adhesion. There is still great lack 
of certainty as to the values of the trans- 
verse forces. These forces are acting 
either towards the centre of the curve, 
as for example the radial component of 
the tractive effort, and the transverse 
friction, or even alternatively in the di- 
rection of the centrifugal force itself, as 
the shocks of the flange against the side 
face of the rail head in the rotary mo- 
vement of the vehicles round the vertical 
axis. These transverse forces influence 
the torsion in the rails. 

Not less important is the consideration 
of the repetition of stresses, and above 
all the work-hardening of the rolling sur- 
face. ; 

Besides the transverse forces, the lon- 
gitudinal forces also are most frequently 
neglected in calculating the dimensions 


‘of the rail section, although their values 


are fairly high. For example, the inte- 
rior stress in long lines of welded rails 
without expansion gaps for a tempera- 
ture difference of 1°C, are as high as 
24 kgr./cm?, i. e. 190 lb. per sq. inch per 
Pate(seqa EE). ; 
Among the vertical forces; the values 
of the vertical live load of the wheels 
caused by the oscillations of the vehicle — 


-about the longitudinal horizontal axis X 


are still less precisely known. This os-: 
cillation is set up in various ways, and 
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may for example be set up by dissym- 
metrical differences in level in the 
track. In the same way the influence 
of the centrifugal force and of the wind 
on the part of the vehicle carried on 
springs produces a rotary movement 
round the axis X, a dissymmetrical de- 
flection of the springs, and as a conse- 
quence a live load on one rail. The con- 
sequence of these phenomena and con- 
ditions is that the cause of many broken 
rails remains unexplained, and that the 
observations differ sometimes from the 
results of the theoretical calculations. 
Both the theoretical and empirical for- 
mule for calculating the dimensions of 
the track nonetheless make at least a re- 
lative comparison possible and are in 
this respect essential for deciding if the 
maximum axle loads and the maximum 


P 


For the dynamic load on the rail, M = 
0.1888 Pak, in which k = 1 + 0.1888 
PaV? 
EJg 
centrifugal force during the movement 
of the wheel on the rail over the. re- 
entrant curves connecting different gra- 
dients on which the centrifugal force 
increases the reaction of the wheel load. 
- This gives for a stationary load a rail 
stress of : 


and expresses the influence of the 


__ 0.1888 Pa 
Fa 


oo ; 
and for a moving load : 

ae ood : 
~~ J —0.00000007 PaV? 


ley 


Applying these formulz, the maxi- 


speeds allowed for the different types of 
itrack or vehicles are correct, 

Some of the formule employed have 
been based on the action of an isolated 
load or of a series of loads. The calcu- 
lation on the basis of the action of an 
isolated load gives greater moments, but 
lower pressures of the rail on the slee- 
pers. The dynamic influence is in some 
formulee partly either allowed for di- 
rectly, or else is taken into account indi- 
rectly in the sense that the allowed 
maximum stress is reduced proportion- 
ally. 

For the static load on the rail, Winkler 
introduced the formula M = 0.1888 Pa, 
in which P is the static weight of the 
wheel and a the sleeper spacing for a 
series of loads arranged as in the follow- 
ing figure : 


mum allowable stresses should be more 
narrowly limited having regard to the 
fact that the whole of the dynamic for- 
ces and other factors have not been ta- 
ken into account. 

According to Zimmerman, for a se- 
parate load: - 


According to Timoshenko : 


thek 4s Sie 
a - 0.985 vf 7 wherein 1 = — 


mle 
ps kB on, pede ; 
 « a 7A ~ = 1s. Waa, a >» vr 


: Se 
a tah 


= Ny 


eT eee 
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ohJ 
B = —— , the force producing a deflec- 


a 
tion of the rail of 1 centimetre (13/32 inch). 


bL : 
Di = , the force producing a de- 


[no | 
flection of 1 centimetre (13/32 inch) of 
the sleeper, in which. 


pai 


, and [ 40] the auxiliary value 


ene rs Dr. Zimmermann’s table 
ENOss Vile 
C = ballast constant. 


By means of these last three formu- 
le, the static moments are calculated 
and from these latter the stress of the 
rail on the elastic sleepers by a load at 
rest is obtained. When making the cal- 
culations the tables giving the values 
As; [ne] as well as the diagrams of 
Dr. Zimmermann’s treatise are used. 

For a series of moving loads, lines 
of influence, and if need be Krackoys- 
ky’s tables or Ritter’s graphical method 
and tables are used to calculate the mo- 
ments in play and the reactions of the 
rails on their supports, by considering 
a series of loads, either on the one side 
of the point examined, or by loads ar- 
ranged symmetrically on both sides of 
this point. 

The International Railway Union 
(U. I. C.) has carried out an investiga- 
tion in order to unify the principles on 
which to base the calculations of the 
track, which however has not given po- 
sitive results. Some railway adminis- 
trations consider it unnecessary to de- 


~ 


termine by calculation the required di- 
mensions of the detail parts of the track 
and establish them according to expe- 
rience ; the others use different formu- 
le, and owing to the defects in those 
used up to the present have to be con- 
tent with relative results for purposes 
of comparison whilst at the same time 
basing their practice on their own ex- 
perience. 

The formule only take into account 
vertical forces. The dynamic moment 
M, = Mu», in which M is the static 
moment and y the coefficient expressing 
the dynamic influences which depend 
directly on the speed of the trains. The 
: M, 
ension ¢ = Ww 
has not been possible to establish accu- 
rately the law of the variation of the 
coefficient with the speed of the 
train ; in the same way the methods of 
calculating dynamically the permanent 
way have not yet been fully explored. 
These dynamic influences are not harm- 
ful so long as the construction of the 
vehicles and of the track allows the ex- 
terior work due to the shocks to be 
transformed into elastic work. This 
can be more easily provided for in the 
vehicle than in the permanent way. The 
growing requirements of railway traffic 
with regard to the weights on the wheels 
and the running speeds force the per- 
manent way builder to use heavier track, 
especially as regards the section and 
weights of the rails, or to lay the slee- 
pers closer together with a thicker layer 
of ballast. The stronger road is at once 
more rigid, and less able to transform 
the dynamic stresses into elastic work. 
The dynamic forces would have to be 
calculated, but on the basis of the results 
obtained by experiment, particularly at 
high speeds. 

With this object in view suitable dy- 
namometric appliances for ascertaining 
the influence of the vertical forces and 
more especially of the transverse forces 
would have to be available. 


Up to the present it 


at the same time, i. 
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The most important problem in the 
strength of the track is still that of the 
rail joint. So long as it is necessary to 
have joints their number should be re- 
duced to the minimum, In tunnels and 
everywhere where differences of tempe- 
rature do not cause too great longitudinal 
stresses the longest possible length of rail 
without joints should be selected. On 
bridges it is always desirable to avoid as 
far as possible rail joints and to make 
provision for the rails to expand freely. 
On running lines, it would appear that 
with suitably designed rail joints, for the 
maximum expansion of 15 to 20 mm. 
(19/32 in. to 25/32 in.), the maximum 
length of rail of 25 to 30 m. (82 ft. to 
98 ft. 5 in.) is quite suitable. 


Measurements and observations of the 
dynamic forces: acting at high speeds 
ought to be made, particularly at the 
joints. It is important to find out if the 
stresses in these joints, starting from a 
certain speed, continue to increase under 
the dynamic forces and in what meas- 
ure. 


The investigation of the transverse 
forces which, other than the horizontal 
centrifugal force, are not up to the pre- 
sent known and determined with suffi- 
cient accuracy, opens a wide field of 
theoretical and experimental research. 
The deflection of the rails should be 
measured as it enables the values of the 
transverse forces to be determined un- 
der normal traffic conditions on the li- 
nes, as in Weber’s tests, the American 
tests, and the others. 


In the same way, so that the ratio of 
the forces the vehicle sets up on the 
track may be accurately known, it is 
important to ascertain if the forces act 
e. to note pheno- 
mena which occur simultaneously and 
prevent others from being produced. 


This concerns the vertical, transverse, . 


and longitudinal forces. 


In the case of the vertical forces, the 
values of which are relatively well- 
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known, there still exists some incerti- 
tude as regards the values of the ballast 
constant which Winkler designated by 
the sign C. 

The experimental trials should sot 
stop at measuring the vibrations of the 
vehicles and the values of the maximum 
transverse oscillations, ete. Obviously 
as a preliminary, use will be made of 
the experimental tests already carried 
out, and especially the American tests. 
As the « Progress Report » for 1918-1922 
shows, if main line permanent way tests 
are to be carried out systematically, a 
considerable expenditure and an immen- 
se amount of preparatory work which 
could hardly be required of the different 
railway companies, are necessary. As 
too the results would most probably be 
used by all the railway administrations 
in certain interested districts, such tests, 
measurements and observations should 
be made with the cooperation and espe- 
cially with the financial participation of 
the most important railway administra- 
tions. A project of this kind has already 
been laid before the International. Rail- 
way Union. 


Questions 1 to 3. —- The replies sent 
by the railway administrations show 
that an endeavour is being made to clas- 
sify the different lines, according to the 
axle loads (vehicles in transit, U. IL. C.), 
the importance of the traffic on the line, 
and especially the speed of the trains. 
When drawing up the questions we had 
in mind only railways on which the 
axle loads are heavy and the running 
speed high. 

Some railway administrations design 
the track and especially the rails accord- 
ing to a formula; others on the prac- 
tical experience on their own particular 
railway (see table I). When calcula- 
tions are made the vertical static forces 
are only taken into account. The dy- 
namic effect is taken into account to a 
restricted extent only. 


Questions 4 and 5. — The French 
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main line Companies, other than the Al- 
sace-Lorraine Railways, do not base the 
permanent way design on calculations : 
they have arrived at the type of perma- 
nent way in use at the present time as 
the result of experience. For example, 


“WSS - 
605-0 1314: 


the Paris-Lyons-Mediterranean Railway 
considers that locomotives with axle 
loads of approximately 20 tons can be 
allowed to run at high speed over a track 
with 46-kgr. (92.7 Ib. per yard rails, 
with sleepers spaced at 0.54 m. (1 ft. 


Fig. 1/1. 


9 5/6 in.); but when the load is over 
22 tons per axle a heavier rail must be 
used, as the sleeper spacing cannot be 
reduced any further. 


Question 6. — As regards the equip- 
ment of the running track the replies re- 
ceived show there are two main types, 
that in which the flat bottomed rail with 
large foot is fastened directly to the 
wood sleepers by coach screws with 
sole plates, and that without sole plates. 
In the type with sole plates preference 
is given to the sole plate fixed by 
means of special fastenings to the slee- 
per, the rails being fixed to the sole 
plate by their own special fastenings. 
Examples of these two types are shown 
in figure I/1 (Czechoslovakian State 


Fig. 1/2. 


Railways) and figure I/2 (standard 
French pattern). 

As regards the joint, the suspended 
joint with the rail sleepers brought nea- 
rer together is the most usual. Certain 
typical arrangements are shown in 
figure I/3. 

As regards the cross section of the 
rails, the tendency is towards heavier 
types of greater strength in both the ho- 
rizontal and the vertical planes. The 


rails now weigh as much as 46 kgr.: 


(92.7 lb. per yard), with sleepers placed 
more closely together, and 50 kgr. 
(100.8 lb.), with the sleepers rather 
wider apart; the rails in tunnels are 
even as heavy as 55 kgr. (110.9 Ib. per 
yard. Steps are being taken to intro- 


duce standard types of rails, for gra- — 
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a) French Main Line Railways, etc. 


| 
te 280 eo 


b) Czechoslovakian, Bulgarian, etc. 
State Railways. 


’ 


Fig. 1/3. 


dually replacing the old types. As re- 
gards the cross section of the rail the 
rounded form of the running surface 
predominates with a radius r, = 200 — 
300 mm. (7 7/8 in. to 11 13/16 in.) and 
r, = 13 — 14 mm. (33/64 in. to 35/64 
in.). The slope of the fishing surfaces 
at the joints varies between the limits 
of 1 in 4 to 1 in 3. The width of the 


foot lies between 125 mm. and 135 mm. ~ 


(4 29/32 in. and 5 5/16 in.). The thick- 
ness of the web of the rail is 14 to 16 
mm. (35/64 in. to 5/8 in.), and 19 mm. 
(3/4 in.) for tunnel rails. 

Wood sleepers are mostly used, and 
their thickness is 14 to 16 cm. (5 1/2 
in. to 6 5/16 in.). 
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The layer of ballast is either of the 


standard type of broken ballast or is. 


formed of an upper layer — the bed 
properly speaking — of broken ballast 
of the same thickness and a lower layer 
of gravel, river sand, or ashes of varying 


Q* 


See 


thickness, according to the condition of 
the formation (Cf, fig. I/4 ac). 

In order to avoid irregularities in the 
level of the rails, ballast of broken stone 
instead of gravel is used, while unstable 
formations are corrected by an under- 
layer of sand or clinker 30 cm. (1 foot) 
thick, or at least by draining and by 
improving the side ditches so that water 
can freely run away, etc. 


II. — Gauge widening on curves. 


QUESTIONS. 


1. What is the width in millimetres 
(mm.) of the standard gauge on the 
straight ? At what distance in mm. below 
the running surface is it measured ? 

What variations in + mm. in the 
width of the standard track on the 
straight are allowed ? 


What is the minimum and maximum 
play in mm. between a pair of wheels 
and the track on the straight ? 

What is the thickness in mm. of the 
flange measured 10 mm. (13/32 in.) be- 
low the maximum and minimum tread 
diameter ?_(see figure velow). 


aisseur 


a bovain 


| rovlement 


i cercle de 


Explanation of French terms: 


Cercle de roulement = Tread circle. — Epaisseur du 
boudin = Thickness of flange. — Hauteur du bou- 
din = Depth of flange. — Surécartement = Gauge 
widening. — Largeur de la voie normale = Standard 
track gauge. — Dans la courbe = On the curve. — 
Largeur normale + surécartement= Standard gauge 
+ widening. : 


What is the depth of the flange meas- 
ured from below the tread circle. 
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Czechoslovakian State Railways. 
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2 pente de 0025 
9 0,040' p.m. 


en remblai 2 0,040 p.m 


a) 
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Paris-Lyons-Mediterranean Railway. 
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(8) -=---- pcg eo 


a) 


en remblar 


2) 


en débla/ 


00 4: 
S©nvironi: 


pents de 005 p.m. ~) 


One $ 
de O05p (en 926/a/ 003 p.m.) 


(oe E6191 403 P”) 
er 
Fig. I/4. 


Explanation of French terms: 


Ballast en plerres concassées = Broken stone ballast. — En remblai = Embankment. — En déblai = 
Cutting. — Pente de... a... p. m. = Slope of... cm, to... cm, per metre. — Sous-ballast = Bottom ballast. 
Note I. — The height above datum of the longitudinal section of the formation is given by that of 

the formation on the centre line of the two tracks. | 
The height above datum of the longitudinal section of the track is given by the lower rails. 


‘i: Note II. — In the case of formations not solidified and imperfectly drained, and formations on rock 
- with projections the. total minimum thickness of, ballast is increased according to the type of the formation 
up to 0.80 m. (2 ft. 7 1/2 in.), this here having to be previded always on formations on clayey ground.. 
~ The additionnal thickness is made up wi j 

a When the top edge of the side slope of the ballast.is more than 0.50 m. (1 ft. 7 11/16 in.) above the 
formation, in line with tnis edge, a cess 0.50 m, wide is provided 0.50 m. below it formed of bottom. ballast 
cut into the side slope of 3/2. 5 hi early 


h bottom ballast. The heights (a) will consequently be increased. - 


Note III, — Over masonry arches, reinforced concrete slabs or arches, and slabs surrounding metal - 


: uinder® the total thickness of ballast and bottom ballast should be as far as possible 0.70 m. (2 fr. 3 1/2 in.), 
is thickness being taken above the weathering course over the-arch; in’no case may it be less than: ° 
0.70 m. he ft, 3.1/2 in.) above masonry arches; 
0.60 m. (1 ft. 11 5/8 in.) above reinforced concrete floors or arches; 
0.50 m. (1 ft. 7 11/16 in.) above the slabs surrounding metal bridges. “0 


t 
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2. Is the increase in gauge calculated 
theoretically (if so according to what 
formula?) or is it the result of practical 
experience ? 

Please attach a table indicating the 
amount the gauge is widened for the dif- 
ferent curve radii R. 


3. What variations in + mm. of the 
widened gauge on curves are allowed ? 


4. Does’ the gauge widening on the 
transition curve between the straight 
and the curve increase gradually (gra- 
duation in mm.) or uniformly ? 


5. How much is the gauge widened on 
the curve of the turnout, on the straight 
to the point of the tongue and to the 
heel ; what amount is the gauge widen- 
ed in the case of a turnout with the 
crossing on a curve, on the curve to the 
nose of the crossing ? 


Please give separately the amount the 
gauge is widened in each case for the 
various designs of switches with diffe- 
rent radii of curve. 


* 
* * 


Questions 1 to 5. — Tables II/1 and 
II/2 give detailed particulars in respect 
to the normal gauge of the track on the 
straight, the tolerances allowed, the play 
between the wheel and the track, the 
thickness and depth of the flange as 
well as the gauge widening on curves. 

As regards the switches especially, the 
gauge is not widened on the straight 
except, however, at the point of the 
blade whereat, in certain designs, the 
stock rail of the branch is slightly cran- 
ked to take the point of the straight 
tongue. The resulting widening of the 
gauge is most frequently 10 to 15 mm. 
(25/64 in. to 19/32 in.). The return 
to the standard gauge is progressive over 
a short length before the point and after 
it. In the curve between the turnout 
and the crossing of the branch line the 
gauge is generally widened. Some Ad- 


ministrations use in this part of the junc- 
tion the same wider gauge as on the 
open road; the others reduce it. For 
example when the turnout includes a 
radius of curvature between the heel of 
the turnout and the rail of the crossing 
of less than 300 m. (15 chains) the Pa- 
ris-Lyons-Mediterranean Railway ‘Com- 
pany use in this part a uniform gauge 
of 1.450 m. (4 ft. 9 in.). Some French 
Administrations use crossings on eurves. 
On running onto the crossing the gauge 
of the branch line is the same as that 
of the particular curve. This widened 
gauge is progressively brought back to 
the standard gauge of the straight line at 
the point the crossing is left. 

During the last years endeavours have 
been made to adopt a smaller gauge wi- 
dening in order to obtain better guiding 
of the vehicles and reduced resistances. 
We have attempted to give hereafter a 
solution to this problem. 

The object of widening the gauge on 
curves is to make it easier geometrically 
for, the vehicle to run through them free- 
ly. In the space between_the pair of 
wheels and the track we have to note 
the so-called « play » found even on the 
straight. Its object will be explained 
in detail further on. The determination 
of the desirable play is not only a ques- 
tion of the geometrical passage of the 
vehicle but also depends on the form of 
the tyre and of the rail head. If we 
realise that these forms are subject to 
alteration through wear, obviously in 
our investigation we have also to con- 
sider the forces acting between the 
wheels and the rails and in particular 
the friction. On curves, the gauge wi- 
dening and the play evidently join un- 
der the sole definition of « total play ». 
The total play on curves should be so 
arranged that the curve resistances ure 
the smallest possible. 

The frictional resistances on curves 
can be calculated theoretically to close 
limits. Nonetheless, empirical formu- 
le are commonly used, such as for 
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_ 5000 

R-30' 
though this formula only takes notice of 
the radius of the curve without taking 
into account other factors, such as the 
gauge widening, the play, the wheel 
base, the friction, etc. The value of 
the frictional resistance on curves can, 
according to Dr. Baseler, be calculated 
from conditions of equilibrium relative 
to three axes (6 equations). 

Our task is to find a suitable theore- 
tical formula for the gauge widening on 
the curve to allow yehicles to pass 
through geometrically. In this way, we 


example that of Réckl w = al- 


shall not solve the question of the 
value of the resistance although we en- 
deavoured to reduce the resistances to 
the minimum, 

The tyres are conical in order to 
facilitate running, If we consider the 
wheel sets with the tread at an angle of 
1:20, the total elimination of longitudi- 
nal sliding frictional resistance would 
necessitate the transverse displacement 
of the wheel set from the central posi- 
tion in the proper running position 
(without sliding friction) by 


) Tak a.r.20 
eh DEE 


we +. (tig. II/4) 
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Fig. IT/1, 


i. e., for example when R = 300 m. 
(15 chains), a = 1.50 m. (5 29/32 in.), 
r = 0.50 m. (19 11/16 inches), J = 25 
mm. (63/64 inch). 

Jf then the conical running has to be 
obtained by the slope of the tyre, the 
play between the wheel and the rail 
should be considerable. In view of a 
limiting value of the play as well as the 
various radii of curves, the inclination 
of the tyres is not likely to reduce the 
longitudinal sliding friction very much. 
A greater difference in the radii of the 
tread circles is due to the radius bet- 
ween the flange and the tyre. But if 
the form of the curve connecting the 
flange and the tyre should help to in- 
crease the tread circle, the wheel should 
be pressed against the outside rail, and 
in this case it should come into contact 


with the rail at a given angle. When 
the axle is in a radial position, this 
pressure is lacking and for this reason 
in this case the radius of the root of 
the flange cannot facilitate the conical 
running. If we consider a 4-wheeled 
rigid wheelbase vehicle on a curve, the 
outside wheel of the leading pair meets 
the rail at point a (fig. I[/2) at an angle 


Fig. II/2. 
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a : the radius of its tread circle in- 
creases and the pair of wheels has a ten- 
dency to turn into a nearly radial posi- 
tion. If similarly the inside wheel of 
the trailing pair touches the inside rail 
at point b, this pair of wheels also turns 
in the opposite sense into a nearly radial 
position. 

The result is that a double guiding of 
the vehicles with rigid axles (i.e. in the 
oblique position) is a drawback because 
it increases the curve resistances. Con- 
trariwise the single guiding of the ve- 
hicle, i.e. done solely by the guiding 
wheel, at the point a, by making this 
wheel go forward and the leading axle 
turn towards the radial position is ad- 
vantageous. In the case of vehicles 
with radial axles, freely suspended, i.e. 
free to move transversely and able after 
coming back to the normal position to 
turn to the radial position, the play in 
question is absolutely necessary to guide 
the leading pair of wheels. Against this 
in the case of radial axles mechanically 
connected with the other axles which 
are forced to return rapidly to the radial 
position, there is no need on curves for 
either play or gauge widening. 

The value of the longitudinal friction 
compared with the transverse friction is 
not considerable, however. it for 


Fig. 11/3. 


example we imagine in the case of a 
4-wheeled vehicle, that the friction cen- 
tre, (i.e. the vertical axis of rotation) 
M falls on the centre of the trailing pair 
of wheels (fig. II/3) the work done in 


transverse friction when the vehicle is 
rotating through the angle y is: 


d 
Qe cos cdn = Qo 7 dyn = Qodn, 


and the work done in longitudinal fric- 
tion : 
a es) b b 
Qesines ut Qe5r=— Qe > 
in other terms the influence of the 
ame : ; 2d 
transverse friction is approximately =e 


times greater. 
If M lies on the centre line of the ve- 
hicle (fig. II/4) i. e. on the vertical axis 


passing through the centre of gravity, 
the work done in transverse friction is : 
4Q 


d 
a cos ote Qedn 


and the work done through longitudinal 
friction : 


4Q, b b2 


phe eS Tame? aq 


in other terms the influence of the cross 
ada 
friction is re times greater, 


As regards short vehicles, and this is 
the case for most rigid wheel base vehi- 
cles, this ratio is less because it is direct- 
ly proportional to the wheel base. For 
this reason and so far as this type of 
vehicle is concerned, it is not possible 
to avoid having a certain amount of play 
between the wheel flange and the rail, 
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as it is needed to guide the leading pair 
of wheels. If the play is too small it 
would result in the wheels more fre- 
quently taking an oblique position’ with 
the consequences mentioned above. 

On curves, the gauge widening is in 
addition to the play between the flange 
and the rail; this is why the gauge wi- 
dening should not be excessive. By li- 
miting it, the same method of laying 
the track can be used on the curves as 
on the straight. Another advantage is 
that owing to the reduction of the angle 
at which the wheel comes into contact 
with the rail, the transverse component 
of these forces is reduced, and conse- 
quently the wear of the flanges and of 
the rail heads ; the reduction of the am- 
plitude of the horizontal nosing move- 
ments of the vehicles means smaller dy- 
namic transverse forces. On the other 
hand, we must not loose sight of the fact 
that a tighter gauge on curves means 
that the rails must be more securely fas- 
tened to the sleepers while an elastic 
yielding flexion of the rails must be 
possible. 

Some Railway Administrations have 
recently reduced the gauge widening on 
curves (for particulars, see table II/1). 
Certain Companies formerly using the 
widened gauge of 1.445 m. (4 ft. 8 7/8 
in.) on the straight have changed over 
to the standard 1.435 m. (4 ft. 8 1/2 in.) 
gauge. 

The need for gauge widening depends 
upon the construction of the vehicles, es- 
pecially as regards the arrangement, 
number and distance between the pairs 
of wheels. This is why it is not possible 
to satisfy all conditions by_a given wi- 
dening of the gauge. } 

The problem of the widened gauge on 
curves to allow the vehicles to negotiate 
the curve, is a geometrical one in which 
we have to study the ratios between the 
radius of the curve, the wheel base, and 
the gauge widening. Let us examine 
the case of a 4-wheeled rigid vehicle 
with a wheel base d and a wheel diame- 


ter r on a curve of radius R, geometri- 
cally able to run freely : 


1. The play between the wheel set and 
the track on the straight line should also 
be maintained on the curve ; 


2. In principle, the outside wheel of 
the guiding axle should make contact 
with the outside rail at the smallest pos- 
sible angle. When this angle reaches 
its maximum the inside wheel of the 
trailing axle should touch the inside rail 
tangentially, i.e. the trailing axle should 
be almost radial. 

The study of the inscription of the ve- 
hicle can be based upon two fundamen- 
tal positions : 


a) Vehicle in a symmetrical position. 


In this position the two outer axles 
are symmetrical relatively to the line 
through the centre of the curve at right 
angles to the longitudinal axis of the ve- 
hicle. Let us consider the 2 outer 
wheels as pressed against the outside 
rail. In this position, the angle of con- 
tact q has its minimum value. The 
two axles are at an angle ¢ to the radial 
postion. The length of the secant of 
the outside rail circle is approximately 


d + 2u, in which u = V 2rt (see fig. 
II/5, 6, 7), and the length of the secant 


of the inside rail circle d — 2u. Let 
us then take a = standard gauge, s = 
the gauge widening, j = the play, b = 


the outside distance over the flanges. 

’ Under the hypothesis of s = 0, we get 
the ratio between R and d for the case 
where it is not necessary to widen the 
line- on the curve, for example when 
d-= 4:50 m. (14 ft. 9 int). Bis equal to 
73 m. (3.65 chains).. The vehicle can 
be inscribed in the curve, the angle of 
contact of the outside wheels is at the 


minimum and consequently the trans- 


verse force is least. However, in this 


position, as will be seen from fig. II/7," 


the inside wheel of the trailing pair of 
wheels intersects the inside rail. The 
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Fig. 1/5 
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secant makes an angle ¢/ with the tan- 
gent at the point 4, From this fact the 
radial force causing friction in the lon- 
gitudinal direction is set up at this point. 
The vehicle passes through tightly see- 
ing that the outside wheels are in con- 
tact with the rails and that in conse- 
quence neither the rotation nor the 
transverse displacement of the vehicle 
is possible. As a result of the insuffi- 


cient play, the rail must yield by an elas- , 


tic deformation or the two wheels will 
skid. This close guiding has however 
the advantage that the dynamic effects 
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of the transverse forces are (without tak- 
ing into account the abnormal wear of 
the flanges and of the rails, nor too short 
vehicles with which the play is main- 
tained) almost entirely eliminated, On 
the other hand the tightness of the guid- 
ing necessitates an elastic and firm rail 
fastening to prevent deformation, i.e. the 
formation of abnormal gauge widening 
due to the long vehicles. os 

In addition as there is no longer any 
free play the coned tread cannot be. 
made use of. 

If there is some play between the 
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wheel set and the track, the outside 
wheel of the leading set will assist, as 
we have mentioned above, in guiding 
the vehicle, by working cn a greater roll- 
ing circle radius to make up for passing 
the inside wheel, and thereby compen- 
sate the longitudinal sliding friction hay- 
ing its origin in the slipping resulting 
from the inside wheel being passed. 
Consequently the play j — see condition 
under 1 — is necessary on curves, the 


same as on straight lines. We meet this. 


condition by increasing the widening 
according to formula II of the value j, 
i.e. of the value of the play on the 
straight. 


1 136d R— d2a 
s=> 
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For d = 4.50 m. (14 ft. 9 in.) we get 
the following formula for the gauge wi- 
dening : 


(ILD) 


¢— DH2R~ 30.375 _ 0.639 R~-3.79 | 
~ 8(R? — 0.563). R? ne 


According to this formula we get the 
following values of the gauge widenings: 


R = 300 m. (15 chains). 
150 m. (7 1/2 chains). 
72.73 m. (3.63 chains). 
Ss = 0:002 m. (5/64 in.). 
0.004 m. (5/32 in.). 
0.010 m. (25/64 in.). 
respectively. 


b) The vehicle in an oblique Posilion. 


Let us consider the extreme position 
of the vehicle which also satisfies the 
conditions under 2) i. e. when in the 
extreme position of maximum deviation 
from the tangent TT’ the trailing wheel 
touches the inside rail tangentially. 
Thus as is seen from figure II/8 there 
is between the outside wheel of the 
trailing wheel set and the outside rail, 
a total play of s + j = (d + 2u) tan$, 


According to figure II/8 : 


i oe its d—2V 2rt 
d+2Vert 2R—(a+s) 


(Vj + s) [2R — a — s] = d? — 8rt. 
Let us select for j an average value be- 
tween the tyre and the new and the 


worn rail : : 


for j = 0:017, 


0. 
r= 0.505, t = be het — 0.02 
V Ort 014200 a aelaas 


2 Rj + 2 Rs— aj — as — js — 32 = 
d? — 8rt — s24+ 5, (—j—a+2R)+2R 
—d?—ajt 8rt=@ 

— s?+ s(2R — 1.452) + R. 0.034 — a? 
+0.055=0. .. . (V) 
For s = @ we get the ratio between 
R andd: 
R. 0.034 — d? + 0.055 =@. (VI) 


1 
R = —— dW? 
* = 0.034 @ 


a radius greater than : 


519 m. (25.95 chains) 
474 m. (23.70 chains) 
447 m. (22.35 chains) 


From equation (V) we get for d = 


4.50 metres, the relation between R 
and So: 


$s*?—s(2R—1.452)—0.034R + 20.20=6(V1I) 


and for d = 4 metres, the relation : 


s?— s(2R—1.452)—0 034R+15.95= 6 \ VIII) 


The results for s are given in the 
following table and diagram : 


Gauge widening in mm. (inches). 


For the radius 
in metres 
(in chains) 


For wheel base d = 


4m. 
(13 ft. 4 1/2 in.) 


4.50 m. 
(44 ft. 9 in.) 


480 (9) 28 ({ 7/64) 

200 (10) 23. (29/32) 34 (1 41/32) 

300 (15) 10 (25/61) 47 (43/64) 
- 400 (20) 3 (1/8) 8 (5/416) 
(474) (23.37) (0) fn 

500 (25) 3 (4/8) 
(596) (29.98) es (0) 


SOM ee ee » » 


cacieuedamasmecemus asesanee » 


Gauge widening for d = 4.00 m. 
d = 4.50 m. 
prescribed on the Czechoslovakian State Railways. 
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This formula shows that it is not necessary to widen the gauge for curves of 


R = 596 m. (29.98 chains) for d = 4.50 m. (14 ft. 9 in.). 


CMON aan, (GSP i BW) SAS) she) 
AN) Omid atteelels) Zann) ie 
3.90 m. (12 ft. 9 9/16 in.). 


As the curves of the diagram show the 
value of s increases rapidly in the case 
of small radii and exceeds the maximum 
allowable limit when R < 180 (9 chains) 
and d = 4.00 m. (13 ft. 1 1/2 in.). In 
the case of curves of R < 180, the maxi- 
mum gauge widening of 30 mm. (1/8 
inch) is recommended. 

For practical use the scale for d = 
4.00 m. (13 ft. 11/2 in.) is recommended 
and consequently the formula obtained 
from equation (VIII). 


s=R — 0,726 —\/ RB? — 1.418 R— 15.423 
(IX) 


If we replace in equation (VA see 
—s?+-s(2R—1.452)+R. 0.034—d?-+-0.055=6 


s by the corresponding numerical value, 
we get the ratio between the radius of the 
curve and the maximum allowable gauge 
widening for the rigid axles of the ve- 
hicle which can pass through the curve 
of radius R under conditions 1 and 2 
above. It is desirable to simplify first 


according to formulae (VII) and (VII). 
‘ 
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of all equation (V) by eliminating the 
less important terms, as follows : 


s2R + R. 0.034.= ad? 


d=\VR2s +0034)... (X) 
IiI. — Radius of curves. 
QUESTIONS. 


1. What is the maximum speed allow- 
ed over curves of the different radii ? 
Please attach a table. 


2. What is the maximum speed allow- 
ed on the different gradients ? 
Please attach a table. 


3. Are the maximum allowable speeds 
on the curves or on gradients based on 
theoretical considerations (according to 
what formule ?) or on practical exper- 
tence ? 

4. What minimum radii of curves are 
allowed on lines over which trains run 
at high ‘speeds, ' 

on open line, 
on the curve of the turnout ? 


é 5. Do you insert an _ intermediate 
length of straight line between two cur- 


b) The curve of the track and the 
curve of the turnout are arranged in 
reverse directions [sketch (b) of dia- 
gram). 


What should be, the length of the in- 


ves in opposite directions between the 
initial points of the transition curves ? 

What should be the length of this in- 
termediate piece of straight line ? 

Is the length of the intermediate 
straight line determined according to the 
maximum speed ? 

Do you also consider it necessary to 
insert an intermediate straight length on 
lines over which trains run at high 
speeds, where there are large radius tran- 
sition curves and superelevation gra- 
dients ? 


6. What should be the minimum length 
of the straight section between curves in 
the same direction ? 


7. What radii of curves are used wher 
on double track lines one of the lines has 
to be laid at a greater distance between 
centres in the station than that of the 
open line ? 


8. Do you lay a straight section be- 


‘tween a curve and a turnout ? 


When the curve of the turnout can be 


run through at the maximum speed, what 
‘length should the intermediate straight 
‘section have, when : 


a) The curve of the track and thé 
curve of the turnout are arranged in the 
same direction [sketch (a) of diagram]; 


| 


! ' 
alignement 
intermédiaire 


Note : Alignement intermédiaire — Intermediate length of straight line, 


termediate straight section when the 
switch is run through trailing (i. e. with 


the crossing facing towards the pee Of aa 


the blade)? 
9. Do you insert a straight interme- 
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f Table IIl/s. 


Question 4, We Questions 5-6. Question 7. Question 8. 
a ——————————— 


Nene ee eee SS 

Minimum length of intermediate straight er ee 
rire Ee f cur-| between a curved section and a junction, w. en} 
Minimum length of intermediate straight capers co d on| the curve of the line and that of the turnout}, 


double-track lines when| @?e: 


Minimum radius section between curves ; ree (aR 
Z ; iN " ie 
ADMINISTRATIONS. f ~ We eee running onto tet ? ; : ; 2 ‘ | 
of curves (between origins of transition curves). where the centre lines} jn the same direction in opposite direction | — 
on lines run over of the two tracks are) (sketch a of diagram, | (sketch b of diagram, | 
to be further apart (in p.. 2193)2 p. 2198). 


at high speed. ee et oe te eee (| 'gtations) than with: the ~_ aa 
s a ca 

standard six-foot way al 

reverse curves. Peon (on the open line). 1. Facing points. 


in the sa direction, ee 3 
si techs 2. Trailing points. 


BELGIUM. 
Belgian National Railway 
Company. — It is preferable not to have any Not laid down. 5000 m. Te aod 
straight section between tran- 
EGYPT. sition curves. 


State Railways . 
FRANCE and COLONIES. 


500 m. 30 m. Not laid down. 3000 m. = Ss 


Generally 100 m., 


iste Railways. 600 m on ak aaa? Not obligatory. 1000 m. 20 m. 20 m. 
| Alsace-Lorraine Railways . 500 m. 30 m. No rules. 5 000 m. =f om 
50 m. for lines run over bf 
by express trains. 
| Est Railway 800 m. 20 m. si 2600 m. us i t 
| Midi Railway For V = 120 km./h., TRG ae Not obligatory. 6 000 m. -e pares . 
| R = 1200 m. (or even nil when specially 
For V = 105 km./h., authorised). 
R = 900 m. 
For V = 90 km./h., 
R = 700 m. 


(the maximum _ supereleva- 
tion on transition curves 
is 75 mm.). 


2 ‘ . 
FO hl oe hee, Ae. 


4 4 + | L 7 z 
+ A » be . a q 
‘ ~ 4 re _ -A @ © 
=". ~~ | lem 
* 5 2. - 7 —S 
a ee oy Bey Te oe Fer ees Be Oe oe — — — ae ied an as 
a " eT s ry OP SS Ca Pe Oe ge re = 
A & + e 4 
A j = 4 eT ¥ 

> ° . ; ‘ * ax a : ‘ 
e ” a i 4 ~4 * ia q 
4 : fs j > ; > te . ‘ ; 1 , 


Nord Railway 500 m.: an endeavour is 16 m, Hy aa As large as possible. The curvature of the track, where points and 


made to get a radius of crossings are run over, is made as constant as 
at least 1000 m. possible and the points and crossings are, there- 
lore, laid on a curve, if necessary. 
Paris-Orleans Railway . 700 m. 20 m.. Not obligatory. In principle, an endeav- = == 


our is made to remain 
within the limits of the 
smallest radius corres- 
ponding to the speed 
on the line, 


750 m. 20 m. No precise rules. 2 000 t meet — 
The straight section is to be Beate 0. 
avoided if it cannot be 20 m. 
long at least. 


Paris-Lyons-Mediterranean 
Railway. 


| State Railways in Algeria. — 20 m. 20 m. me No precise rules, 
| Moroccan Railways 350 m. 20 m. = be 
| ame 1 000 30 20 m 
. m. m, : 9 
| State Railways . (exceptionally 800 m.) 000 m. 
Mees) LUXEMBURG. ae i LES OSES a 
ee | Prince Henri Railway . . {2 7" ™ if straight section is : ee een me Wales oie 
POLAND. _ unavoidable. af 
. 300 m. 30 m, It is desirable that thi ae 
State Railways. . - - act be not free plss 1000 m. | 
RUMANIA that of the transition 
i An endeavour is made to get) As far as possible, a straight - <0 
. State <add cal a radius of at least 500 m. section of a length equal to 0 m. 1 000 m. 
ary bs, ; that of a train of average (min, 800 m.) 
a length. 
CZECHOSLOVAKIA. : 
State Railways... .- - ae Pe count Raye 540 tn, Dey det apy R > 4000 m. suitable for} For 
. V = 70 excl. + 80incl. . 50m. reverse curves. For 
V = 80 excl.+90incl, . 60m. Pont’ 
V > 90 la) nr a ar 100 ™. F For V = 
JUGOSLAVIA. Tana fet 


500 m. | 2m, ~ 2.000 m. 
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diate length between the end of the 
turnout and a subsequent curve beyond 
the turnhout ? 

Do you decide the length of these 
straight sections according to the maxt- 
mum running speeds ? 


10. Do you use, to maintain the requla- 
rity of the curve, reference marks, or are 
curves, when defective, corrected by 
measuring the height of the arc or by 
other similar methods ? 


11. On important lines for interna- 
tional express traffic have small radius 
-curves been replaced by larger radii 
curves in order to increase the safety of 
the traffic and the speed of running? 


* 
* * 


Questions 1-3. — Tables III/1 and III/2 
show the maximum speeds allowed on 
various radii of curves and different 
down gradients. 

Some railways make no allowance for 
down gradients when fixing the maxi- 
mum speed of trains fitted with the con- 
tinuous brake. 

Others measure the influence of the 
down gradient in terms of a certain 
braking distance, i. e. the maximum dis- 
tance which the train running down the 
slope will run over from the time the 
brake is applied until the train is stop- 
ped. There is a known relationship be- 
tween the braking distance on the gra- 
dient, the gradient and the maximum 
speed. _ If we select a given braking dis- 
tance, for example on the Czechoslova- 
kian State Railways, 700 m. (2 300 feet) 
is used on the main lines, there remains 
a relation between the gradient and the 
speed which gives the maximum allow- 
able train speed over a given gradient. 

Although the influence of the gra- 
dient does not come within the scope of 
this report, there is need however to call 
attention to the influence of the brak- 
ing distance, especially at high running 
speeds. The value of 700 m. mention- 

ed above for the braking distance on the 
main lines may be used as the basis for 


XI—(1 


calculating the ratio between the gra- 
dient and the maximum allowable speed. 
Some railways use as braking distance 


a distance exceeding 700 m. The 
French Midi Company, for example, 


takes a distance of 800 m. (2 625 feet) for 
gradients up to 1 in 250, and 900 m. 
(2950 feet) for gradients steeper than 
1 in 250. 

An important problem in connection 
with the radius of the curve is the cal- 
culation of the maximum speed rela- 
tively to the minimum radius, on the 
condition of a well proportioned super- 
elevation of the outside rail. The ques- 
tion of the superelevation of the outer 
rail will be considered in chapter IV- 
We may however somewhat anticipate 
and go back to formula (X) for the su- 
perelevation : 


7 ani6 v8 = 2.3 8 
ec, aware, 29: 7 at 


in which v = the speed in metres per 
second, and R the radius of the curve. 
If we take, for example, h = 0.145 m. 
(6 inches) we obtain the ratio of the 
speed V max. (in km./hour) and the 
minimum redius R 


V=432VR 


Maximum speed (Vmax,) 
in km, (in miles) per hour 


Minimum radius R 
in metres (in chains). 


200 (10) 60 (37.3) 
300 (15) 75 (46.6) 
400 (20) 85 (52.8) 
500 (25) 95 (59.0) 
600 (30) 105 (65.2) 
700 (35) 110 (68.3) 
800 (40) 120 (74.6) 


The railway administrations use em- 
pirical formule of great diversity for 
determining the ratio between the ma- 
ximum allowable speed and the mini- 
mum curve radius. The necessity for 
accelerating railway traffic (because of 
automobile competition) makes it ne- 
cessary to run as fast as possible through 
the curves. _ It is also desirable that sys- 
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tematic experimental tests should be car- 
ried out in this matter. 


Question 4, — As a general rule, lines 


over which trains run at high speeds 
are laid with a minimum radius of curve 
suitable for the maximum speed permit- 
ted. At certain points of these lines 
the radii may exceptionally be reduced 
to lower values. Turnouts laid in cur- 
ves have sometimes (French Est, Nord, 
and other railways) the through lines 
laid to a radius of curvature equal to 
that of the radius of the curve on the 
open line. The French Est Company 
has introduced a type of turnout with 
the angle tan 0.05 having a radius of 
2000 m. (100 chains) followed by a ra- 


dius of 1300 m. (65 chains) on the 


branch line. Provided the turnout and 
the branch line are superelevated, trains 
may be allowed to run at speeds of 100 
to 120 km. (62.1 to 74.6 miles) per hour 
over the branch line. Outside this spe- 
cial case the speed of the trains on the 
branch line should be appreciably re- 
duced. This speed varies from 30 to 
90 km. (18.6 to 56 miles) per hour ac- 
cording to the radius of curvature of the 
branch line of the turnout. 

The Paris-Lyons-Mediterranean Rajl- 
way applies the same speeds over the 
curves of the turnouts on the main line. 
In the case of points the following limi- 
tations are imposed the maximum 
speeds are calculated as a function of the 
superelevations. Below are given the 
maxima cants at the points : 


a) Facing points, train in normal 
working : 6 cm. (2 3/8 inches) when the 
two lines of the turnout turn in the same 
direction, and 3 cm, (1 3/16 inches) or 
exceptionally 4 cm. (1 9/16 inches), 
when they turn in different directions; 


b) Trailing points taken by the train 
in normal working : 8 cm. (3 1/8 inches) 
at the most. 


As a rule the radius of the curve at 
the turnout either in the main direction 


or in the branch direction is a function 
of the speed. As the speed on a curve is 
also a function of the superelevation of 
the outside rail, this factor is also taken 
into account and if need be the turnout 
is put in in such a way that the outside 
rail in the main direction is superelevat- 
ed. 


Question 5. — Certain companies, 
such as the French Est Railway, consi- 
der that in principle there should be a 
straight section between two curves in 
opposite directions. The length of the 
straight section between initial points of 
the transition curves can be fixed arbi- 
trarily for example at 20 m. (66 feet). 
On the other hand, other administra- 
tions, such as the Paris-Lyons-Mediter- 
ranean Company consider that when 
the curves include cubic parabola tran- 
sitions, it is desirable to suppress any 
straight sections between the initial 
points of the transition curves. A 
straight section can in fact only en- 
courage oscillations of the vehicles and 
it is necessary to avoid using it when- 
ever it is not possible to have at least 
20 m. between the beginnings of the 
transition curves. The Rumanian State 
Railways consider that an intermediate 
straight length is necessary between the 
initial points of the transition curves and 
endeavour to insert as often as possible 
a straight section, the length of which 
shall be equal to that of an average 
train. — For particulars, see table II/3. 
_ No. administration indicates how it 
calculates the minimum distance between 
two curves in different directions. As 
the above shows, the opinions relative to 
the amount of this length are very di- 
vergent. : 

- The length of the train undoubtedly in- 
fluences the determination of the inter- 
mediate length. An intermediate length, 
short or nil, is a disadvantage in the 
case of very long trains, owing to the 
resistances on the curves. If however 
we have in view high speeds, the con- 
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nection of the superelevation must be 
taken into account before everything. 
The less the inclination 1 : n of the con- 
nection with the superelevation, the 
smaller the speed of rotation of the ve- 
hicle round the horizontal longitudinal 
axis when the vehicle runs over the 
transition curve. For example when 
the speed V = 120 km. (74.6 miles) per 
hour the radius of the succeeding curves 
in opposite directions are Rt = Rea 800 
m, (40 chains), the superelevation n= 
0.15 m. (6 inches) and the distance be- 
tween the rails = 1.50 m. (5 feet 29/32 
inches), the inclination of the exterior 
rail in the superelevation ramp is 0.001, 
the length of the connection h = 150 m. 
(492 feet) the angular speed will be : 


=a h.V 
sranl Wes rss 
second. 


w 02024 or 1°-22°31"s per 


The kinetic energy E = 1/2 J w® con- 
sequently will be relatively small so that 
it can easily be balanced by the work 
done in flexion of the springs. In such 
a case it is better to have an inflexional 
connection. An intermediate straight 
section would exercise a disturbing in- 
fluence on the continuity of the rotary 
movement. If the value of the inclina- 
tion 1: n of the connection with the su- 
perelevation increases the rotation of the 
vehicle about the longitudinal axis is 
more rapid and the vehicle suddenly and 
quickly goes into a rotary movement. 


When the superelevation ramps are 
inclined 1: 1000 and in some cases 
1: 750, and when the curves have jarge 
radii the necessity of an intermediate 
straight section disappears even for quite 


high speeds. 


The minimum length of the interme- 
diate straight section is a function of the 
maximum train speed, of the supereleva- 
tion, of the inclination of the supereleva- 
tion connection, as well as of the design 
of the vehicles especially of the arran- 
gement and flexibility of the springs, of 


the position of the centre of gravity of 
the vehicles, etc. The determination of 
this factor also affects the movement of 
of the vehicles, It would however be 
better to carry out experimental tests. 


Question 6. — See table [1I/3. — The 
replies from most of the administra- 
tions show that on succeeding curves 
in the same direction no straight section 
is inserted as a general rule, but the 
two curves are connected together by a 
parabolic are so that the superelevations 
may always be inversely proportional to 
the radius. 

The Prince Henri Mining and Railway 
Company follows the prescriptions of 
the T. V. [Technische Vereinbarungen of 
the Verein (Association of German Rail- 
ways) | and thinks it desirable to con- 
nect the two curves by a short inter- 
mediate curve of large radius. If it is 
not possible fo introduce an interme- 
diate curve, a straight section of a length 
of at least 30 m. (98 1/2 feet) can be 
used. 


Question 7. — The Paris-Orleans Com- 
pany endeavours in principle to remain 
within the limits of the sharpest curve 
corresponding to the speed over the 
line; the practical limits are very wide. 
The Czechoslovakian State Railways for 
example use the radius R = 4000 -m. 
(200 chains). This radius is used for 
succeeding curves in opposite directions 
(S form curve). The reason for using 
such great radii is to make good as far as 
possible the disadvantage of using short 
curves which are in this case unavoid- 
able. 

In principle the small radius curves 
are disadvantageous when the length of 
the curve properly speaking is less than 
the length of the transition curve, taking 
into account the rolling movement of the 
vehicles about the longitudinal axis. 
The larger R is, the more possible it 
becomes to use a lower superelevation, 
and the disadvantage mentioned becomes 
less serious. For this reason short cur- 
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ves should in principle be replaced by 
others of as large a radius as possible. 


Questions 8 and 9, — There are admi- 
nistrations who insert straight sections 
between the end of the turnout and the 
preceding or following curve; on the 
other hand the French Est and the 
Paris-Lyons-Mediterranean Companies 
for example and others do not in prin- 
ciple see any need for a straight inter- 
mediate section between a curve and a 
junction except in certain special cases. 
Moreover there is no reason why the pa- 
rabolic transition of a curve following 
a turnout should not begin immediately 
after the heel of the switch. (See also 
table I1I/3.) 


Question 10. -—— Several companies 
maintain the regularity of the curves by 
using reference marks generally consist- 
ing of points in small blocks of concrete 
and check the curves by the method of 
measuring the heights of the arcs. 


Question 11. — The increase of the 
speed of trains at the present time is 
becoming a decisive factor in the com- 
petition of the railways with other rapid 
methods of transport. In this respect 
the advantage is on the side of the rail- 
way company in flat country where the 
railways have been laid with large radii 
curves as compared with railways in 
mountainous country. All railway ad- 
ministrations endeavour to increase the 
efficiency of the railways by improving 
the speed on curves and by increasing 
the radii. Those administrations who 
when building their main lines had the 
foresight to provide for future high speed 
traffic are now reaping the advantage. 

Thus in France, as early as 1853 a 
ministerial regulation limited the maxi- 
mum speed to 120 km, (74.6 miles) per 
hour. The main French Railway Com- 
panies have in fact on their principal 
lines such curves as to allow the said 
speed to be generally adopted. As re- 


gards the ratio between the maximum 
speeds and the minimum radii of curve 
see further on, chapter IV. ‘ 


IV. — Superelevation. 
QUESTIONS. 


1. According to what principles do 
you superelevate the outer rail on cur- 
ves ; what experience have you obtained 
and what modifications do you propose 
in the future in carrying out the super- 
elevation ? 


2. What is the superelevation h for 
the different radii of curves R and the 
running speeds V ? 

Please attach a table. 


3. Is the amount of the supereleva- 
tion calculated theoretically or is it de- 
termined by experience ? 

What formule do you use ? 


4, Is the superelevation based on the 
maximum permissible running speed or 
on a lower average running speed ? 


5. Do you use a reduced supereleva- 
tion and in what cases ? 


6. What is the variation, in + mm., 
in the amount of the superelevation ? 


7. Is the superelevation obtained by 
raising the cutside line of rails alone or 
by both elevating the outside line and 
lowering the inside ? 

8. How do you introduce the superele- 
vation on the main lines in stations 
when part of the fast trains run through 
the stations without stopping ? 


9. How do you arrange the super- 


elevation on a curve of different radii — 


particularly on the connections hetween 
curves of different radii ? 

10. How do you arrange the super- 
elevation on the short intermediate 
straight sections between curves in the 
same direction ? 


11. How do you carry out the super- 
elevation on curves on double track lines 


> 


Questions 3 and 4. Questiba oer et oe Question 6. 7 Question 7, 
Y. 1 Sa The superelevation wa . iF The superelevation is generally 
is calculated according to obtained 
| ADMINISTRATIONS. h oR Ty 7 Variations allowed | r 
| FORMULA. ne : the an in the amount of superelevation | by raising | by partly raising the | 
| max. (in mm.).| animale : fr : ij | outer line of rails 
” javerage running (in + mm.), |the outer iine nial) taeeiasth cena 
running speed ae Wie of rails and partly lowering | 
. speed. ate : x 
| authorised, the inner line. 
Se a eee ee Se ne a a a 
. | 
BELGIUM. | 
; ie : ; = v2 
Belgian National Railway RONAN cos TUNE INI aN ate 3 h= 11.78 —- 150 / a + 20 mm. / 3 
| Company. Pink — 10mm. 
eh ae Bar ev yes Okmoihe: ea 8 oe edd 78% R aa Vas 
: , 1000-a- V2 . 
State Railways. . . . . | h= BET Ti He bas which a = gauge. 120 / = = / nt 
ram | 
FRANCE and COLONIES. . 
State Railways... . . h=—-C being a variable co-efficient; GC = 40, 50, 60, 75, 90, 105. 150 from experience, 15 mm. in the case of curves of > 500m. / =e 
s radius ; 10 mm. in the case of curves 
Alsace-Lorraine Railways Ure : A 4stclass ja. C/== 85, of < 500 m. radius. 
EUSEELLALA OLE NOES ® * Ny == => C = Co-efficient varying according to the maximum speeds. { 224 class . . C= 66. 144 / jaa Variations due to gradients over 1 / -_ 
- : (3tdiclass : age C00 a in 500 are avoided. 
72 9 
Bor hauway < © ee SES eae taking on level sections and falling gradients : V, = 20 4 -V. 
R 8 8 4 T 3 150 / Aes + 5mm. / — 
a — 5mm, 
Midi Railway ..... h=11.8-— a=0 71; V = 85, 75, 65, 55 or 45. V = Actual maximum speed, 170 — / Between 2 points distant 3 m. or less / — 
R (VoSelle% the superelevation must not be over 
of maximum 2 mm. per metre (1 in 500). 
C 5 speed), 
Nord Railway .... . h = -; Cis a parameter, the value of which is taken between 40 and 120 according to the traffic 200 / — The superelevation must be corrected = The inner line of rails 
mR li when, between 2 points distant at is raised and the 
on the line. least 3 m. from each other, the rela- outer line is lowered, | 
tive difference of level of the lines each by half the | 
of rails exceeds 12 mm. (i. e, 1 | amount of the super- 
in 250). elevation to be ob- / 
F : v2, Class 20 ier opens {st Qud 3rd tained. 
Paris-Orleans Railway . . h= A bewd Limiting speed between ; - 120-105 105-90 90—75 147 ee / + 10mm. / a 
= TS 65 — 10mm, 
Speed V for which the superelevation is calculated —2 66 50 
V — 25 i : - 
Paris-Lyons-Mediterranean | For V <78km./h. .. . h= = 160 / cae es / | — 
Railway. R V 45 
FOF po tO RO, 22) pets e120 
| 
ue ae Lah = V — 20 
State Railways in Algeria. | ForV @80kmjh. . 2. h= ra 150 / — ae / es 
V — 40 
for Vee (50 KN eee ee bin R : 
: coi 
| Moroccan Railways . . . h eta: ae Bet, — Deen j a: 
| ITALY. = 
| State Railways. . . . . | h=141.78—- 140 = V = 8% + 10 mm. / = 
R of maximum 
LUXEMBURG. os speed). 
Prince Henri Railway . . | h=12 avi 137 / — +10 mim: / ; 
—15mm 
POLAND. 
State Railways. . . . . | For speeds of 50 km./h. and under, the superelevation is calculated according to the formula For ee / + 5mm. / — 
a ee Voaee — 5mm 
| rug at. a Bt R = 200 
150 
| For speeds over 50 km./h., the superelevation is ca'culated according to the formula h=600 — - 
| RUMANIA. : 
| State Railways. ... . = a For curves of < 400 m. radius, the superelevation results from practjea] experiments, 120 / fae + 7mm, The outer line of rails is partly raised 
/ for a 250 — 7mm, and the inner line partly lowered. 
CZECHOSLOVAKIA, V = 60 km./h. 
State Railways. ... . Standard superelevation : i es 142 / — + 5mm. / a 
for V > 1.91 VR...h= 46.514 = — 45.384! for V <4.91 VR. n= 11.8 = — 5mm. 
Minimum superelevation : ‘ 
‘ ve 
-V = 30.926——= — 20.263 ; rR —i 
for V > 1.31 ”R... A = 30.926 Vi 20.263; for Vv < 1.31 RR pe 11.8 "7 
vz ; 
| Recently, as a trial: h = 8 R “ 
JUGOSLAVIA, (a + Vy? | 
ilways..... h=14.8———_ a = 0.8 for V = 45 — 90 km/h. 109 fe / = / ‘ dé 
State Ra Y: R . j (= 80% 


of maximum 
i | speed), 


ADMINIST 


RATIONS. 


BELGIUM. 


aay ones National Railway 
Company. 


Bayer. 
State Railways . 


FRANCE and COLONIES. 
State Railways . 


Alsace-Lorraine Railways . 


Est Railway 


Midi Railway 


Nord Railway 


Paris-Orleans Railway . 


Paris-Lyons-Mediterranean 
Railway. 


Moroccan Railways 


ITALY. 
State Railways . 


LUXEMBURG. 


Prince Henri Railway 


POLAND. 
State Railways . 


RUMANIA. 
State Railways . 


CZECHOSLOVAKIA, 
State Railways . 


JUGOSLAVIA. 
State Railways . 


State Railways in Algeria. 
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Question 2, 


Speed, 


nm 


Radius of curves, in metres. 


km. per hour. 


80 
90) 
400 
1410 


80 
90 
100 
110 
120 


60, a = 45 
1d, @— oo 
90, @ = 65 
105." 
120! Os 


60 excl. — 75 


119 
178 


4 000 


900, 


Superelevation 1 villimetres 
ee  ——————————— 


300 | 350 | 400 | 450 | 500 

146 133 

149 

143 
425 

132 

450 
96 | 80| 68 60 53 48 
443 | 149 | 102 89 79 ait 
466 | 142 | 4125 414 100 
166 148 133 
474 
444 | 120 | 103 90 80 72 
143 | 4125 441 100 
147 132 

140 
144 
150 120 
150 
140 120 4140 
140 
95 
90 80 
(4) 140/404] 130/96 | 121/90 


141/104] 132/98 


107 97 
109 


550 | 


120 
135 
150 


43 
65 
Gl 
124 
155 


100 
130 


137 


600 | 


444 
142 


60 
83 
110 
147 


147 


100 
125 
150 


113/85 | 106/84 


125/93 


81 
941 


700 | 750 


110 
130 
150 


80 
100 
110 


108 


70 


65 


95/73 
112/85 
130/97 


69 
78 


107/82 | 4 94/73 
aig 409/83 | 101/78 


125/98 
424/93 | 116/87 


82 75 66 
93 82 75 
103 | 9 83 
113 104 O11 
422 110 99 
106 94 85 
150 
30 27 24 
45 40 36 
62 55 50 
83 74 66 
107 95 85 
45 40 36 
62 56 50 
82 73 66 
106 94 85 
160 
75 65 60 
95 85 75 
110 100 90 
130 145 105 
70 60 50 
100 90 80 70 
100 100 90 80 
120 100 90 
110 
94 84 76 
60 55 50 
70 60 55 
65 60 
5 45 40 
a2 -50 45 
55 50 
91/70 86/67 78/62 | 72/58 
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0 | 


60 
68 
76 


54 
64 
68 


87/68 


48 
55 
64 


33 
45 
60 
77 


45 
50 
55 


35 
40 
45 
50 


30 
42 
55 
71 


1100 1 200 | 1 250 


59/50 
73/58 
86/67 
90/76 


1 300 | 1 400 | 1 500 | 1 600 


28 
38 
54 


65 


40 
60 
60 
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90 


58 


35 
40 
45 
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35 
40 
40 


17 
25 
36 
47 


ot 


26 
36 
47 
64 


40 
50 
50 
10 
80 


54 


24 
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44 
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60 
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40 
50 
50 
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70 


50 
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at important level crossings with auto- 
mobile traffic ? 


12. Is the object of the superelevation 
obtained by equalising as fully as pos- 
sible the centrifugal force of trains 
running at high speeds or do you con- 
sider it desirable to alter the amount of 
the superelevation from this point of 
view ? 

13. Is it desirable to reduce the super- 


elevation on short curves in order to 
restrict the rolling of the vehicles ? 


* i * 
Questions 1 to 4. — See tables IV/1 
and IV/2. 
Question 5. — In principle the maxi- 


mum limiting speed or an average speed 
is taken as the basis for calculating the 
values of the superelevation. If neces- 
sary actual values are used. Super- 
elevation is decreased, for example, on 
certain junctions in stations and when 
a line has a predominating number of 
heavy slow trains with which exper- 
ience has shown that the inside rail 
wears more quickly than the outside 
rail. The Czechoslovakian State Rail- 
ways in certain cases allow the use of 
so-called minimum values. (See table 
IV/2.) 

The minimum values are used excep- 
tionally when the heavy slow train traf- 
fic exceeds the fast train traffic, or on 
curves on the open road between sta- 
tions and the covering signals, and all 
station sidings. 


Questions 6 and 7, — See table IV/1. 


Question 8. — Most of the administra- 
tions superelevate the principal lines 
in the stations run over by fast trains 


which do not stop, and the curves on 


the open road, according to the actual 
maximum speeds. : 


Question 9. — The connection of the 
superelevations between curves of dif- 
ferent radii is generally carried out in 


such a way that it varies proportionally 
with the curvature. A superelevation 
gradient between the straight fine ana 
the curve is used. The Paris-Orleans 
Company for example uses a maximum 
slope of 1 in 500 on the length of the 
parabolic connections between curves, 
but-an endeavour is being made to re- 
duce this value to 1 in 1000 on lines 
run over by high-speed trains. 


Question 10. — As a general rule, in 
short straight sections between curves 
in the same direction when close to- 
gether, the line is superelevated, the 
superelevation varying progressively 
from the value corresponding to the 
curve of greater radii to that corres- 
ponding to the curve of the smaller ra- 
dius. For example, the Paris-Orleans 
Company connects by a continuous gra- 
dient the ends of the outside lines of 
rail of the two curves. The Prince 
Henri Railways and the Jugoslav State 
Railways follow the prescriptions of the 
German Railroad Association according 
to which, in the case in which the inter- 
mediate straight section cannot exceed 
in length 30 m. (98 1/2 feet) it is re- 
commended that the same superelevation 
as on the curve of the larger radius be 
used. The Czechoslovakian State Rail- 
ways require in cases where the length 
of the straight section is less than 20 m. 
(66 feet) that the intermediate straight 
section shall have 1/3rd of the superele- 
vation of the curve of smaller radius. 
These 3 different methods are illustrated 
in figure IV/1. 


Bin aR 
ie B 
RAG Men icare Seee re Fay eee 
| Fig. IV/1. 
Question 11. — The increase in the 


road motor traffic crossing double or 
multiple track railway lines also demands 
greater care as regards the supereleva- 
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tion of the outside rails in the interest 
of regular road and railway operation. 
Some administrations have issued in 
this respect special prescriptions; for 


example the Paris-Lyons & Mediterra- 


nean Company uses the method of ar- 
ranging the level crossings shown in 
figures IV/2, 3, and 4. 


Cas 7&° 


jo.7110 
(oss) “ente de 0705 


Fig, IV/2, IV/3 and IV/4, 


Note : Rampe de... = Rising gradient of... — Pente de... = Falling gradient of... — Barriére = Gate. 


Most of the railways deal with level 


crossings with double track lines in 
such a way that the running surfaces of 
the four rails are placed on a single 
inclined plane. Certain other railways 
deal with the question according to the 
local conditions. 


Question 12. — The regulations on the 
superelevation of the outside rail of the 
different administrations varies (see 


table 1V/2). We may be permitted to_ 


add to the main question of the super- 
elevation of the outside rail certain per- 
sonal remarks. 

The superelevation of the outside rail 
on curves is introduced to compensate 
the effect of the radial forces, the other 


forces being neutralised by the reac- 
tions in the opposite direction. These 
reactions are the transverse friction, the 
reaction which the outside rail offers, 
against which the flange of the wheel 
coming into contact with the outside 
rail bears in a horizontal direction, etc. 
In order to be able to solve the problem 
of the superelevation of the outside rail 
theoretically, it is first of all necessary 
to appreciate the nature of the forces 
which act at the contact of the wheels 
with the rails, the magnitude of these 
forces and of the reciprocal ratio be- 
tween them during the various phases 
of the movement of the vehicle through 
the curves. Only after these conditions 
have been studied can the calculation 
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of the superelevation on curves be taken 
in hand. The problem of the superele- 
vation of the outside rail is also corre- 
lated with other questions concerning 
the curves, such as the friction on the 
curves, the gauge widening, etc. The 
problem in question is closely connected 
in particular with the gauge widening 
as the value of the gauge widening de- 
pends upon the contact angle 9 which 
plays in its turn an important part when 
calculating the magnitude of the radial 
forces which will be considered later on. 

As a general rule, the superelevation 
of the outside rail only compensates the 
centrifugal force without regard to the 
other radial forces, and the value of the 
supereleyvation is calculated according 
to it. According to this principle, the 
superelevation depends solely upon the 
running speed of the train, upon the ra- 
dius of the curve and upon the gauge 
of the track. The investigations into 
the amount of the superelevation made 
it necessary to examine what other fac- 
tors should be taken into account in the 
calculation. This is why it is desirable 
first of all to ask the more general ques- 
tion as to how the track and vehicles 
are to be fitted out so that, having ta- 
ken into account the radial forces in 
play, the safety when running shall be 
the same on curves as on the straight. 
The first condition is undoubtedly safety 
of running to which we then have to 
add that of comfortable running and, 
from the technical and economic point 
of view, that of practically equal distri- 
bution of the vertical wheel loads on 
the outside rail and even on the inside 
rail. We will indicate subsequently to 
what extent these conditions can be 
best satisfied. 


The formule in use up to the present 
for the amounts of the superelevation 
are based, either on the theoretical for- 
mula derived from the centrifugal force 
with certain reductions — the result of 
experience — or these formule are pu- 
rely empirical (see table IV/1). 


The theoretical formula considering 
the vehicle as the rigid system is ex- 
pressed as follows : 


h=atane 


C 
tan ¢ = - 
2 
2 © 
Cpe, ee Fi at 
8 R 
av2 V w y2 
h=—=az5-—=1U7—. Ul 
; gR #36 g R (I) 
(See figure IV/5.) 


in which : 


R = the radius of the curve; 

C =the centrifugal force; 

V =the maximum speed in km./h.; 

v — the maximum speed in m./sec.; 

Q =the part of the weight of the ve- 
hicle carried by one pair of wheels; 

a — 1.50 m. the approximate gauge of 
the track; 

G-— 9:8. mr/ Seco; 

w = the angular velocity. 


Cc 


Fig. IV/5. 


As regards the speed of the train to 
be used in the formula, some administra- 
tions give an average speed, taking into 
account the numbers of trains running 
at the same speeds. Most administra- 
tions, however, consider it better to use 
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in the calculation the actual maximum 
train speed allowed over a curve of a 
given radius. 

Superelevating the outer rail, while 
necessary in principle, nonetheless in- 
volves certain undesirable consequences. 
First of all, it means some variation in 
the standard design of track as in the 
case of the gauge widening; the ten- 
dency is to restrict these variations to 
the strictly necessary minimum. In 
some cases a high superelevation has 
other disadvantages: for example the 
theoretical formula gives for V= 70 km. 
(43.5 miles) per hour, and R= 300 m. 
(15 chains) a normal superelevation 

= 184 mm. (7 15/64 in.). In this po- 
sition the inside rail being on a slope 
of 1 in 20 relatively to the axis of the 
track inclines towards the inside of the 


eee: 
curve by the angle ¢ = arc sin — — arc 
a 


1 ; 
tan. x0 (See fig. IV/6.) 


This tilted position results in the 
rails or the bearing plates being driven 
irregularly into the wood sleepers, the 
rail at the same time twisting, the gauge 
becoming widened and_ undesirable 
stresses being set up in the rail fasten- 


-ings. Another drawback of excessive 


superelevation of the outer rail is found 


in the difficulty in making the roadway 


at level crossings, particularly when 
there are two or more tracks. 
According to the fundamental theore- 
tical formula I, the value of the super- 
elevation increases in a very consider- 


able manner with the maximum speed, 
in the absence of any limiting relation 
between the maximum speed and the 
maximum radius or of any limit of the 
maximum superelevation such as, for 
example, h maximum=0.150 m. (5 29/32 
inch). The various fomule for the ma- 
ximum speed are shown in table IV/1. 

The calculation of the superelevation 
of the outer rail according to the form- 
ule so far in use should serve solely 
as the basis on which to decide the 
superelevation, seeing that all the im- 
portant factors influencing it have not 
been taken into account. Only a more 
extended observation of the tracks on 
curves, as regards maintenance and the 
wear of the rails, can supply the exper- 
ience by which to judge if the given 
superelevation of the outer rail meets 
the local needs and the conditions con- 
sidered. For this reason it is not pos- 
sible to apply in a general way ready 
made formule; it is still necessary to 
make such adjustment as experience 
shows to be necessary, at least in cases 
where the local conditions require it 
(for example on lines over which trains 
run at widely differing speeds). 


Study of the superelevation. 


In the case of vehicles running 
through curves, the following forces or 
their components act radially : 

the radial component of the tractive 
effort acting on the draw bar, the hori- 
zontal shocks of the tyre flange on the 
rail, under the action of the undulatory 
movement of the vehicle (hunting); 

the horizontal shocks produced by the 
unbalanced mass of the revolving and 
reciprocating parts of the steam locomo- 
tives; 

wind pressure; 

centrifugal force; 

the transverse friction of the tyres on 
the rails in proportion to the perpendi- 
cular loads on the wheels; . 

the horizontal reaction of the pressure 
of the guiding wheel; 
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the friction of the springs of the ve- 
hicle acting to damp out the dynamic 
forces of the spring borne mass. 

The following factors also influence 
the value of these different forces. 

From the point of view of the design 
of the track: 

Value of the radius of the curve, of 
the superelevation, of the gauge widen- 
ing, and of the sliding friction constants. 

From the point of view of the design 
of the vehicle: 

Position of the centre of gravity of 
the spring borne mass and that un- 
sprung, arrangement of the springs, va- 
lue of the coefficient of flexibility of 
the springs, value of the possible trans- 
verse displacement of the axle journals 
in the axle boxes and the arrangement 
of the couplings. 

From the operating point of view : the 
train speed. 

In considering the superelevation on 
curves, it is necessary to include in the 
calculation, in addition to the centrifu- 
gal force, the influence of friction. The 
effect of the wind only enters into con- 
sideration when considering the stabil- 
ity of the vehicle on the track. 

When investigating the ratios of the 
forces acting between the tyre and the 
rail, and in order to deduce therefrom 
a more accurate formula for the super- 
elevation of the outer rail, we should 
note the two characteristic positions of 
the vehicle on the curve, i. e. the oblique 
position with the tyre coming into con- 
tact with the outer rail at a rather con- 
siderable angle and the symmetrical po- 
sition at right angles to the longitudinal 
axis of the vehicle, a position approx- 
imating to the tangent TT’ (fig. 7). In 
the first position the outer guiding 
wheel touches the outside rail; in the 
second position the tyres of the outer 
pairs of wheels touch the outside rail. 


a) Vehicle in an oblique position. 


In the oblique position the centrifugal 
force, acting on the centre of gravity of 


xI—12 


the vehicle considered as the rigid sys- 
tem and endeavouring to turn it about 
the point of contact of the guiding 
wheel, overcomes first of all the sliding 
friction on the upper surfaces. It is 
clear that the turning of the vehicle oc- 
curs when the centrifugal force reaches 
a given value resulting from the speed 
of the vehicle and inversely propor- 
tional to the radius of the curve. 

In order to bring out clearly the ratios 
of the horizontal forces acting here, 
their directions are given in the draw- 
ing of figure IV/7. Let us see under 
what conditions it is useless to give any 
superelevation to the outer rail, i. e. 


Fig. IV/7. 


when the value of the centrifugal force 
is completely compensated for by the 
friction. We will evaluate the value of 
the centrifugal force C by getting out 
the condition of equilibrium of rotation 
of the vehicle round the vertical axis 
of rotation at point 1. 
ogi 2, d+ Va? + bt-+ b) 4-Ku=8. 
The arm u of the force K is very small 
and consequently we can neglect the 
term Ku. 


Cc 


Q 


Let us consider the most unfavourable 
case, i, e. that in which the frictional 
resistance is lowest. This is the case 


pete] 


when = 0.065 (when the rail head is 
covered with frost). The relative value 
of C/Q is smaller as d is greater. Let us 
therefore select d = 10 m. (32 ft. 9 3/4 
ANE 


= 0.14, which corresponds to : 


©)aQ 


C 
a = —= 0.07; 
tan ¢ Q 


h’ = atane'= 105 mm. (4 1/8 in.). 


It would therefore be possible to re- 
duce the value of the superelevation h 
resulting from the formula I by the value 
h’ = 105. The effect of the sliding fric- 
tion resistance therefore shows itself in 
this sense that the angle ¢ can be redu- 
ced by the value ¢’. For reasons of sa- 
fety it is always possible to allow only 
half the value h’ and ¢’ for the reduction 
of the superelevation h and of the angle ¢ 
which gives us the formula: 


Vy2 


= 11.77 — — cae 
h 77 R 59? (III) 
and when h = @ 
v2 
ee Mo ee 
R 4 (LV) 


This is true for example when R = 
500 (25 chains), V = 47 km. (29.2 miles) 
per hour, i. e. the highest speed for 
which when taking the frictional resist- 
ance in account, it would not be neces- 
sary to superelevate the outer rail on a 
curve. 

This examination shows that if the 
vehicle, with the trailing pair of wheels 
clear of the outer rail, has to turn about 
the point of contact of the outer wheel 
of the guiding pair with the outer rail, 
the resistance due to the sliding friction 
requires a large part of the centrifugal 
force to overcome it. Consequently the 
movement of rotation only arises at ra- 
ther high running speeds. As soon as 
the vehicle occupies the symmetrical po- 
sition in which the angle of contact 
is smallest, there is no longer any trans- 
verse sliding frictional resistance. 


Consequently formula (III) is not us- 
able for high train speeds. 


b) Vehicle in symmetrical position. 


When the vehicle pushes against the 
outer rail, as occurs especially at high 
speeds through the excess centrifugal 
force, the pressures are distributed over 
the two outer pairs of wheels, and the 
rail then resists through the reactions A 
and B (see fig. IV/8). 


Fig. IV/8. 


We ought to distribute the wheel loads 
and centrifugal force after having taken 
into account the springs. 

The height of the centre of gravity of 
the spring supported mass and the coef- 
ficient of flexibility of the spring have 
also to be taken into account. 

Let us take for the cases considered 
later on the same designations : 


Q, weight of half the unsprung mass 
of the vehicle; 

Q, weight of half the sprung mass of 
the vehicle; 

C, centrifugal force acting on the un- 
sprung mass; 

C, centrifugal force acting on the spring 
borne mass; 

Ee the live load on the spring on the 
outside of the curve = Ji, the re- 
duction of load on the inside 
spring on the curve; 

E_ reaction of the sprung mass on the 
outer spring; 


oe 
3 
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J reaction of the sprung mass on the 
inside spring; 

H wind pressure on the body = 136 7 
in kgr., f being the area of the 
body in m*; 

W = C, + H; 

@ normal distance between the rail 
centres; 

m distance between the centres of the 
springs; 

n height of the centre of gravity of the 
sprung mass above the axis of ro- 
tation @; 

s height of the centre of gravity of the 
sprung mass above the rail; 

y static deflection of the spring under 
the weight =. 

, deflection of the spring under the 

; E-J 
weight Bag 

g acceleration due to gravity = Wrestle 

r radius of the wheel; 

R radius of the curve; 

yw angle of inclination of the sprung 
mass under the action of the force 
W acting on the vehicle; 

h _ superelevation of the outside rail. 


“Let us consider several cases. 


First case : Vehicle being in a position 
of equilibrium as regards turning over 
(Equilibrium of the wheels relatively to 
the point e if we take the supereleyation 
h = 6 (fig. IV/9). 

Let us consider, for example, an eight- 
wheeled rail motor coach 19.50 metres 
long and a body 3 metres high, total tare 
weight of the vehicle 34 000 kgr. 


Q: = 6500 ker. 
Qs = 10500 kev. 


(t) ; 
x = 0.06 = = 0.06 — = 0.315 


Q = 17000 ker. 


mt = 1.975-m. 

‘ins 1.50 m. 

oy ees 0.50 m. 

n = 1.45 m. 

S ae 2.42 m. 
Ae* 


< < ,a 
> E-nsiny x 


Fig. IV/9. 


Let us write down the coefficients : 
Hee 19.5.3.136 


Me Se eee Te 0034 
22.6 =» aoetT000 Pe 
2 
pg 3 ae Roly 
m2 
— — lx 
4 
Qe | 
ese Ea 
Ke= Jj = 
Je i e 
2 
Wi, Cy, BH . Qs0%y 136, 
Doe eo ae 
Qev? Q: 
ext R 
136 
pened 
2Q 
2 2 2 
Cy _ Que Ore Ve w= Qt in2 + wg R) 
2 gR. 2 gh g R 


Calculation of the sin W for the con- 
dition of equilibrium at point @ : 


WwW ; m Wea 
Cpe we Re = 
W n-+ 2Qen sin ¥ — m(E—J) = 0. 


Calculation of y (i. e. of the deflection 
of the spring caused by the live load E, 


\ 
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the deflections » and x are in the pro- Let us take moments relatively to e =: 
portion of the forces producing them) : 


Cy W a 
ES lg ncaa apenas (yas 
ok WELT & ESI PN aa a ee 
I dil = sate Rho 2 Cay ahs Qa . 
EK — J (G-2 sin v}=0 
1= Ten 2 
Qe 
Qiv Q . 
Qe > 2 ) —J' — —(v*-++ wgR)s 
Hoy ge eee eels Ce. gh ee tet 
Ss Ji = G +Q=—Q ag aE er Hh: R) = 
= Ries Hanes Sama 22 zk. £ 
GT i 


Ratio between 7 and, (see the dotted 


: : Q,v? 2 
triangle) : eee ate Q* (ot iP wy Bye 
gk gk 
7 = — sin V x. 1 
+ Q5 —Q2e — (v? + w gR) = 8. 
2 sin ¥ ees) ike : oa 
; es 
2 ¢ 2 
< 3 The condition of turning over occurs 
Brame es, Loe Wr if we take J’? = 6 Seeing that for equi- 
2 ey 2 Qs librium we can also apply the equation : 
—nsinv + 2-2 sinw =n A i Mtg 358 
s Qs we have : 7 
: hx 1 Ao rh 
SoS wore ay oa Boa Oy Oo 
— — nx 


The critical speed 


(Qi + Qs) 5 —Qr(s + 3) w 


v= : B= \/0 S54R ES esate 
Or ohiGur Gama aa V) 

= 0,924 /R 
V=3.60=3.60.924VR=—3.320VR ..... . . (VI) 


For the practical case when R = 300m, and when R = 500 m. (25 chains): 
(15 chains), the condition of turning ae bas 
over would occur for the critical speed : bn poets ras at stirs = 


v = 0.924 x 17.3205 = 16.004 m./sec. V = 3.326 X 22.3607 = 74.371 km. 
(52.507 feet) per second, (46.212 miles) per hour. 


V = 3.326 x £18205 = 57.708 km. Second case : The vehicle in the stable 
(35.858 miles) per hour. position. The superelevation h balances 
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the effect of the centrifugal force. The pressure of the wind is not considered 


in this connection (fig. IV/10). 
Let us take moments relatively to e: 


' Cc; a 4 Cos a 5 R a 
— J'acose — = (r cose — 5 sine) — = (scos «— 55m 2) + Qu (5 cos «+r sin e+ 


a F F 
+ Qe (5 cos ¢<+- ssine— nsinV 


a: 


If we put cos « = 1, sine = tanec 
j 
/ 


' a Ce a a 
— J'a aa, (> oy tan | sae (>: aces tan e+ Qu (5 +r tan s+ 


-+ Qe . +s tane—n sin v) =6 


aha ®: Co a Fees C, a Co. a 
=p S54 Mat Q[5-—nsinv) + Fg ttane yo tame + 
+ Qur tane + Qos tane = 8 
C, Coa a a C, a C2 a 

BSR rn ee Pa eee = Sa Pees 1 peer 5 ee. a ae 5 ; = 

J'a 5 1 5 s+ Q54+ (5 nsinw) +|5 5+ 5) aay ee Qus| tane ) 

If we put cos n sin W = 33 = 

gh 


— 2J’agR —2 Quotr — 2 Qov’s (Qi + Qe) agR — 2 Qezv? + [Quv2a + Qov?a +- 
+ (Qur + Q,s) 2gR] tan « = 6 

v2 (2Qur + 2Qes + 2Qes — Qa tan «, = — 2JS'agR + QagR + \Qur + Qes) 2gRtane 
— 2J’agR + QagR + (Qir+Qes) 2g R tan e 

2Qur + 2Qes 4+ 2Qez— a tancQ 
If we put : 2 Quir + 2 Qos + 2 Qos = Z. 

Zv2 — Qv2a tans = — 2J'agR + QagR + (Qir + Qos) 2 gR tan <« 
fo tas h oe v2Z + gR (2aJ' — Qa) 

a vtaQ + 2gR(Qr+ Qs) 

v?Z + gR (2aJ!'— Qa) 


02. 


= gg —_—_> ————_— .. (VII) 
paQ + 2gR(Qur + Qs) 
For the formula for the superelevation s = 2.66 m. 
to be usable in practice, the algebraic ~ fae Qs: __ 5-054 
values must be replaced by the actual pe 2 oe 
numerical values. With this object we 2 ==, 1-00 Ii. 
will use the data relative to the first n= 0.82 m. 
driving pair of wheels of locomotive nx 
type 387-0 with a very high centre of 2a = 0.14 
gravity of the spring carried mass : Ngee 
Qu = 3.850 ker. Z = 2Qur + 2Qes sie = 80.395 
Qe = 13.050 ker. 4.760% + 29.43R ~ —14.715R 
m=1.10 m, Mea Q (VIII) 


r = 0.95 m. v2 + 29.7R 


rCOSE-F SINE 
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ewes > ence 
FcosE + rsin€ ; 
t i 


= cOsE +S sinE-nsinw 


Fig. IV/10. 


As formula (VIII) shows, h depends 
upon the speed, the radius of the curve, 


’ 


and in addition upon the ratio Ae We 


will select the value of this ratio accord- 
ing to the condition we have supposed 
as regards the direction of the resultant 
of the reactions of the rails. If in an 
extreme case the resultant of the forces 


Fig. IV/12. 


acting on the vehicle should be perpen- 


dicular to the plane of the sleepers and 
> 


Re 
pass through the point o, the ratio — 


Sy UPA 

According to formula (VIII), the value 
h would be too high. This is why, as a 
rule, it is not possible to insist on this 
condition, and it is necessary to admit 
that the resultant at the level of the 
sleepers intersects at some point e on 
the outside of the centre line of the 
track. If we take J’ = ¢, we get the case 
of equilibrium of turning over, i. e. a 
case that cannot be allowed. This case 
could possibly happen with a lower su- 
perelevation through wind pressure. This 
is why it is necessary to consider at the 
same time the stability of the vehicle 
under wind pressure H = 136 f in which 
/ is the surface in m? upon which the 
wind pressure acts; the pressure of 136 
ker, per m? (27.85 lb. per sq. foot) cor- 
responds to a wind speed of 120 km. 
(74.6 miles) per hour. To consider the 
stability of the vehicle against turning 
over in the direction of the centrifugal 
force in the equation of the moments 


the value ue is replaced by the value 


Fig, IV/13. 


—" 


: ay 
sek a 
~< Sa 


2217 
111 —163 


2 H. 
3 a = == and we then get the equa- 
2 2 2 
tion : 
v?Z, + gR [2aJ! + 2Qew(s + 2) — Qa] 
7) 


vaaQ + 2gR{Qe x w + Qir + Qes 


If we replace A by the value from for- 
mula (VIII), it is possible to calculate 
and examine J’. If J’ > g, the stability 
is maintained. 

In the same way it is desirable to con- 


sider the stability of the vehicle against 
turning over towards the centre of the 
curve under the action of the wind, 
when the vehicle is standing, on the in- 
clined plane towards the centre of the 


curve, i. e. on taking V = © (see fig. 
IV/12). Here again we suppose an ex- 


treme case in which the friction 6f the 
tyre on the rails is eliminated and in 
which the flanges of the inside wheels 
touch the inside rail. From the condi- 
tion of equilibrium relatively to the 
point %, we get 


Be 8 , a 
F’a cos «+ wQes cose + WQe 5 Sine — Qu 5 cose+ Qirsine — Qe5 COS « 4- 


+ Qos sins + Qen sin V = 0 


a a a 
Ha + wQes + wQ2 5 tans — Qi5+ Quir tan « — ines + Qes tane + Qonsin VY = 0 


a a a 2 
Ha + wQoes — Eee Qegt wQe, tan e+ Qur tan e+ Qos tan « + Qt Qewz = 90 


h 
10 = = — A (wars + Qir + Qss| — 2 ling oh = 


Q 


“ 


Om 


jos) a 
= A wae + Gr + Qs} 


Bv? 
—— Ws 


Qe Qesv? Qe 
ws — we 
a agR a 


Qoz v2 


bE’ =— — A (was Z + Qur + Qss| 2s ws ———|— + w 
2 2 2 a a \gR 


a 
For v=89: 


Q 


I \ 
Einin =< 2— 4 (wQa3 + Qur + Que) — Fw (6 +2). 


In the position of equilibrium of turn- 
ing over, i. e. when the resultant passes 
through the point i, E’pj, will be = @, 
then 

Q  ® 


av mee are 


wQe 5 + Qur + Qes 


Qa? —2Qr:aw (s+ 2). 
~ Qeaw + 2Qir + 2Qas 


h= — a2 


The most convenient way to proceed 
is to introduce, as a result of the exper- 


ience acquired on the tracks with differ- 
ent train speeds, in the calculation as h 
maximum a given value, for example 
150 mm. (5 29/32 inches) [for R = 300 
(15. chains), V = 75 km. (46.6 miles) 


per hour], and then deduce from equa- 
t 


tion (VIII) the value of the ratio ie 


hl 
0.422. s = 0.578. The live load on the 


outer wheel would consequently reach 
15.6 %. 


yr 
Taking for example ‘ = 0.42, we ob- 
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: 
tain from formula (VIII) the value for h Pia 4.760? —2.3R (IX) : 
in which the superelevation depends ae eae + 29.7R ; eh Ty 
solely on the speed and on the radius of 


This formula gives the values of the 
usable superelevation for different speeds 

4.76 v? + 29.43 R. 0 42 — 14.715R and for different radii of curves as 
7, 4 29.7R Shown in the following table : 


curve : 


h 


Speed in km. (in miles) per hour 


90 (55.9) |100 (62.2} 140 (68.3) 


Radius R, | 30 (48.6) | 40 (24.9) | 50 (31.2) 


in metres 


60 (37.3) | 10 (43.5) | 80 (49.8) 


(in chains) Speed in m. (im feet) per second 
um chawms), 


8.33 41.44 13.89 16.67 19.44 22 re! 25.00 27 78 80.56 
(27.33) | (86.45) | (45.57) | (64.69) | (63.78) | (73.06) | (82.02) | (91.14) | (100.26) 
~< Millimetres (inches) a 
200 (40) xe 24 14 139 
(58/64) | (2 29/32) | (5 15/32) 
300 (25) ot nce 25 69 120 
(63/64) | (2 23/82) | (4 45/64) 
400 (20) Sei 2c Ay 33 72 115 
(1 19/64) | (2 53/64) | (4 83/64) 
500 (25) a as 22 1 43 78 118 
(7/46) | (4 11/46) | (3 5/64) | (45/8) 
700 (85) aa or as mie 9 35 64 96 135 
(23/64) (1 3/8) | (2 33/64) | (3 25/82) | (5 5/16) | 
4 000 (50) ih i S “a is 2 22 45 10 
(5/64) (7/8) (1 49/64) | (2 3/4) 
The formula (IX) limits at the same From this ratio we get the following 
time the superelevation for lower speeds formula : 
as the following shows : as \/0.48R : saan 
If we take h = 0, which gives the maximuni values v for : 
, which it is not necessary to superelevate ; 
4.760? —2.3R = 6. the outer rail on a curve of radius R ac- | 
cording to the following summary : 4 
For R: at a speed of; . 
200 m. ({0chains) . vo < 9 75 m. (31.99 ft.) per second, V < 35 km. (24.7 miles) per hour. = 
300 » (145 » .) . » < 12.00m. (39.37 ft.) ” » V< 43 km. (26.7 miles)  » . 4 
400 » (20 » ) . » <13.90m, (45.60 ft.) »  , V< 50 km. (344 miles) + . = 
500 » (25 » ) . © < 15.45m.(50.69ft.)  » , V<56km. (34.8 miles) » ‘a 
700 » (35 » ) . © <18.40m. (60.37 ft.) » , V<66km, (41.0 miles) » . ; 
1000 » (50 » ) . » <22,00m.(72.48 ft.) » , V<72km.(44.7miles) » . 


It is advisable to check these results 
by experimental measurements and by 
observation. 


The preceding considerations bring 
out clearly the influence of the position 
of the centre of gravity on the calcula- 
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tion of the superelevation of the outer 
rail. It will evidently be necessary to 
check again the results by experimental 
tests. 


In this part of our report dealing with 
the superelevation of the outer rail on 
curves, we have given rather more space 
to theoretical conditions because we 
consider as very important the influence 
of the superelevation in correlation with 
the position of the height of the centre 
of gravity of the vehicle with a view to 
safeguarding safety at high speeds. We 
would also refer as an example to the 
report of Colonel Anderson relatively to 
the causes of the derailment of fast 
trains, on the 14 January 1930 at Weaver 
Junction on the London Midland and 
Scottish Railway, and the 23 January 
1930 at Kent House on the Southern Rail- 
way (2). 


Question 13. — The superelevation on 
curves of small radius shows itself as a 
dissymmetrical difference in level of the 
track, when the length of the curve itself 
is not at least equal to the length of the 
transition curve. The superelevation on 
curves of small radius greatly favours 
the rolling of the vehicles, especially 
when the springs are very flexible. This 
is why the railway administrations avoid 
using short curves and replace them, 
where they have to be used, by curves 
of sufficiently large radius so that it is 
not necessary to give any superelevation 
to the outer rail. 


V. — Transition curves. 
QUESTIONS. 


1. Upon what principles is the transi- 
tion curve between the straight line and 
the curve carried out? What form of cur- 
ve on the horizontal*plane is used in 


7 a 


(1) Cf. Bulletin of the Railway Congress 
Association, September 1931, page 788. 


this transition (cubic parabola, lemnis- 
caie, etc.)? 


2. How is the equation of the transi- 
tion curve got out relatively to the axes 
X and Y, when the aais X is situated on 
the extension of the straight line ? 


3. How is the transition between the 
straight and the circular curve in the 
vertical plane carried out on superele- 
vation gradients (ramps)? 


4, What is the radius of the circular 
curve connecting the alterations of slope 
at the beginning and end of the super- 
elevation gradients ? 


5. What inclination is given to the 
superelevation gradient ? 

Is the inclination of the upward or 
downward slope to or from the super- 
elevated rail decided by the maximum 
running speed allowed and by the fact 
thai the position, of the vehicle on this 
slope has no unfavourable action upon 
the distribution of the wheel loads ? 


6. Are the lengths of the transition 
curve and of the up or down slope to 
or from the superelevalion equal or dif- 
ferent ? 


7. How are the transition curves and 
the up or down slope for the supereleva- 
tion arranged when the transition curve 


is shorter than the up or down super-. 


elevation gradient (case I, II or Il — 
figure on following page)? 


The rolling line on the outside rail in 
the connection of one curve to another 
in the same direction, but with different 
superelevations is a curve in space. Its 
extension on the horizontal plane is the 
equidistant line drawn at a distance = 
along and outside the centre line of the 
track. 

The projection of the axis of the track 
on the horizontal plane is the transition 
curve. If we consider that the outside 
rail and the axis of the track form con- 
centric curves while the gauge widening 


~ly t 
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1 
t 
courbe | 
de raaordemen 
' 


Le pente du surhaussement 


Note : 


1 
ester ewast 


courbe J 
de raccordesnent 


pente du surhaussement I 


Courbe de raccordement = Transition curve. 


Pente du surhaussement = Superelevation gradient. 


on curves is generally arrived at by 
moving the inside rail towards the cen- 
tre of the curve, we must consider, in 
order to simplify the calculation and the 
pegging out, an equidistant curve. 

The transition curve is a line of vary- 
ing curvature, so that at the tangent 
points, the transition curve and the cir- 
cular curve have the same tangent and 
the same curvature. 

For the practical application, the equa- 

xs 


6C 


tion of the cubic parabola y = is 


indicated. 

It is possible to calculate in each of 
its points the actual curvature from the 
formula 


_ (+y)3? 
ey AN 

which gives 

xt 


ities tee (1) 


In place of the cubic parabola another 
curve, such as a radiode, lemniscate, or 
clotoide can be chosen. 

Replacing 


1 haa 


x2 


supeorses 


we get 


C Cc 1 
r= — 
x“ 


1+tan %«)32 = —- 
1 Malsabel x costa 


The superelevation gradient between 
two circular curves is the rolling line 
of the outer rail extended in the vertical 
plane (Z, Y). This superelevation grad- 
ient must have at each point an ordinate 
Z equal to the superelevation, inversely 
proportional to the radius of the transi- 
tion curve. We consider the transition 
curve in the axes X, Y, and the super- 
elevation gradient in the axes X, Z. 


The requirements of the superelevation 


will be fulfilled when z = 


k is the constant depending on the 
square of the speed v2. When on a given 
curve the superelevation is equal to h,, 
and the radius of the outer rail r,, the 
Tyr, 

pare? 

If we replace r in the formula 


k : 
= wherein 


ordinate z 


(IIT) 


we shall obtain the equation for the 
superelevation gradient. 


By making z’ = 6, we get 


VY; 
x= aa 
5 
i.e. for 


oe = §, Zmax = 0.7197 e 


C2 =€; 


VG 
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and at the same time tan « = 0. For « — 
O, Z''= 0 and tan¢ reaches the maximum 
value 


4C? 


tan « max — 8k C?. (4 2) a) == 


k 
a 


Within the limits « > @ and x < &, Z” 
gives a negative value and conse- 
quently within these limits the curve 
of the superelevation gradient is concave 

relatively to the axis X. Its form 
shown in figure V/1. 

The form of the superelevation gradient 
given by equation (II) cannot be main- 
tained in practice, as it is too compli- 
cated. In addition the dynamic effects 
on the changing of the profile of the 
track and in particular the effect of the 
centrifugal force in the vertical plane 
in the connection between the gradients 
and finally the consideration of the 
adaptation of the vehicles to the differ- 
ences in level of the track, have to be 
taken into consideration. 

The centrifugal force in the vertical 
plane transmitted through the wheel to 


is. 


ieee Nal 


mov? 


the- rail 1s¥2 = This force, as 


the formula shows, increases inversely 
with the radius of the curvature on the 
vertical plane. For =6 this force 
would become infinitely great (0). Con- 
sequently, its value can, in practice for 
high speeds and small curves connect- 
ing the gradients, increase in an appre- 
ciable measure. This is why these con- 
nections between gradients should have 
quite large radii. 

The superelevation gradient can in 
practice be divided into three parts : 
the middle part in which the slope 
reaches its maximum value, and the 
ends built up of circular curves. For 
simplification, the connecting line is 
selected in such a way that the slope 
may be constant, i. e. it is replaced by 
a straight line . 


where I is the developed length of the 
transition curve. We replace the ex- 


= 
' 


... O00S<6 
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treme ends by circular curves of a ra- 
dius greater than 5000 m. (250 chains) 
so that the horizontal distance over the 
tops of the angles is equal to the dis- 
tance of the tangent points 1-2 of the 
transition curve (fig. V/2). If the slope 
of the superelevation is 0.0014 or less, 
the above connections between the gra- 
dients by circular curves can be sup- 
pressed. 


r is 
! \ == Aa 
t Mig \o 
H \ a Sy 
A > 
gs Oy x =s Nie 
Yy \ . \e 


Fig. V/2. 


From this fact we get the equality of 
the length of the transition curve and 
the superelevation connection, From 
this formula we find the length 1; we 
select a suitable slope for tan 3 . The 


Vmax, h 
km. (miles) mm. (inches). 
per hour. 

70 (43.5) 49 (1 59/64) 
80 (49.7) 91 (8 37/64) 
90 (55.9) 136 (5 23/64) 


When pegging out the transition cur- 
ve, the values r, 1, C, « must be known: 
from these latter the other values can be 
deduced. 

As a rule, the radius r, and the length 


slope of the superelevation connection 
depends upon the speed of the train, see- 
ing that the value h includes the square 
of the speed _v (see IV, Superelevation). 
Some administrations, for practical pur- 
poses, use empirical formule for the 
length, Others, conforming to practi- 
cal needs, modify the slope of the super- 
elevation according to the maximum al- 
lowable speed in km./h. 

It must be added that the relation be- 
tween the maximum speed allowed and 


3 I 1 
the superelevation slope i= — can be 
rn 


expressed as follows: the speed of the 
vertical movement of the outside wheel on 


h : 
the superelevation is » = oa During 


the period of time f, the wheel travels a 


distance | at the speed V, i.e. f = = In 


- 


these ratios we get y= —- 
mr 


We may take this value y as being 
constant. It is desirable to select it 
within the limits of 1/8 to 1/10. For 
example, for 7 = 1/10, n = 10 V, or 
l= nh = 10 Va for’ = 8 V,1l Soe 

These formule, in correlation with 
the table in the preceding part IV (Su- 
perelevation), give usable values for 
both small and high speeds. 

For example, for the radius R = 500 
(25 chains) we obtain : 


1— 10Vh 1=8Vh 
m. (feet). m. (feet). 


34.30 (112.5) 
72.80 (288.8) 
122.40 (401.6) 


27.44 ( 90.0) 
58.24 (191.1) 
97.92 (321.3) 


of the superelevation connection J, cal- 
culated from the maximum allowable 
speed according to the formula for the 
slope | = nh, is known. 

From the formula for the cubic para- 
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Table V. 


ger i Soe tae lestion ee ae ee 73 np cals i Question 5. 


Question 1, ———— —___—__—— — soa 
Question 2, Question 3. Question 4, ——— 


ADN TRAT ~ inci 5 , , 
ADMINISTRATIONS. Principles governing the con- Serta: Radius of the circular curve . 
renee between the straight Fovaiih rt Principle by which the graded slopes Inclination of the rising or falling superelevation 
me and the circular curve. be of the superelevation are connected to the spring gradient. 
gradient. or end of rising or falling 
BELGIUM. | ° 
Belgian National Railw ; ae 
$ ay Cubic parabol ; : . ce p ne -4 
Company Ne parabola, y rs In the vertical plane, the No directions. 1 in 2000 = 1 in 500 (the slope 1s calculated as a 
6C connection between the function of the cant and the length of the parabolic 
straight sections and | abe 
the circular curve are 
EGYPT. laid out linearly, | 
tates always ee According to Trautwine’s method (Railroad curves). Do. Do. 1 in 500 
FRANCE and COLONIES. 
State Railways ‘ubie : ‘ se ; oe : : : 
e Rail ays - Cubic parabola. y = —, 2) is the abscissa of the point at Do, Do. | In principle, the slope is, except when impossible, 
1 in 1000. It should not be over 1 in 666 on lines 


27 
which the parabolic are is connected to the 
are of circle of reduced radius R’. 


where trains run at a speed over 100 km. h. and 
1 in 500 on other lines. 


R = 5000 m. on the open main | On lines rum over by express trains, 1 in 1000 as far 


Alsace-Lorraine Railways . Cubic parabola, a3 No rules laid down 
y =——, C = IR. lines, and 2000 m. in stations as possible, but in no case over 1 in 500. On all 
6C and on secondary lines. other lines, 1 in 300 may be reached. 
. ’ ; 3 
Est Railway . Cubic parabola. y = . in which p is the smallest radius In the vertical plane, the No circular connecting curves 1 in 625 for speeds up to 60 km./h. and 1 in 909 for 
transition between the used in the case under con- speeds up to 120 km./h. Experience has shown 


6pA 


| that 1 in 500 must be a maximum for superelevation 


on the line under consideration, \ being a straight sections and sideration, 
function of the speed V and the slope 7; the circular curve is gradients. 
iV ly constant. laid out linearly, 
rib 
Midi Railway Cubic parabola. y = ———, in which p is the length of the Do. No directions as regards the use The superelevation gradient varies according to the 
6pR of a circular connecting curve class of the line. It is: for a = 45, — 1 in 500; 
connection, R the radius of the circular curve in the vertical plane at the for a 55, — 1 in 500; for a = 65, — 1 in 666; 
to be connected. ends of the connections. for a = 75, —1 in 1000; for a = 85, 1 in 1000, 
wherein a@ is the average speed. 
Cambier’s formula for existing track. Do. It is not deemed necessary to Maximum: 1 in 1 000. 


Cubie parabola. 
lay out a connecting curve on 


Nord Railway 
the vertical plane. 


Nérdling’s formula for new track. 


ne 7 F , : 

Paris-Orleans Railway . Cubic parabola, y = ——. The lateral displacement to be Do. No circular connecting curve 1 in 1 000 to 1 in 500. (As far as possible the gradient 

; 6/R is used in the case under con- is never over 1 in 1 000). 
undergone by the circle towards the inside sideration. 
2 
for inserting the transition is ——. | 
24R 
Do. Do. 1 in 333 up to 80 km./h.; 1 in 500 for higher speeds. 


y Soma. 
As far as possible the gradients are reduced to 1 


Cubic parabola. 
in 666 on main lines with fast trains. 


Paris-Lyons-Mediterranean 
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Railway. 
3 . . sai Cambier’s parabolic connecting ag = For V < 80 km./h.: 1 in 333 as a maximum. | 
State Railways in Algeria. eee For V > 80 km./h.: 1 in 500 as a maximum. 
F eer abOle Noérdling’s formula with displacement of the Polygonal layout (series No fixed | wae : : : : 
Moroccan Railways Cubie parabola. ; siete oe Cambier’s method (introduction of of inclined planes of xed rule. n principle 1 in 500; 1 in 666 in special cases. 
a connecting are). equal length). 
Cubie parabola. ae H 
Lee Vee - id. In the vertical plane, the No fixed rule. 1 in 1000 for V > 100 km./h.; 1 in 666 for V = 
State Railways . : CIR transition between the 80 km./h.; 1 in 500 for V < 80 km./h 
straight sections and A te 
the circular curve is 
laid out linearly. 
LUXEMBURG. ; i Hoar. ik Aeon ee 
Prince Henri Railway Cubic parabola. According to the formula 1: n = ee (max. = : ) | 
10V 6v. | 
1 
Ty the maximum gradient is When there is not 
m : : | 
| intermediate straight secti i : 
! ge abrey so ght section, the maximum gradient | 
pe take ie G2 tR? I erage speed Do The radius i rere | 
- ; subi ‘ ae OTC . For an averag . radius is not fixed. : P | 
State Railways . Cubic parabola. y 6c. ze Y ee 1 in 1.000 to 1 in 400. 
of: 100 km., C = 60 000; 90 km., Cc = 45000; 
80 km., © = 32000; 70 km.. Cc = 24000; 
RUMANIA 60 km., C = 18000. 
State Railways . Cubie parabola. fe 524 eves Vie Do. te OnE et = = ve The gradient being a function of the maximum s 
Ra svar is equal to h/L (hk being the superelevation and L I 
10 000 m. the length of the transition ere. 
CZECHOSLOVAKIA, ; a3 
Siie Railways: Cubic parabola. y= eal Do. R = 5000 m. For 60 km/h... : 1 in 300. 
oe ee . «Lin 500. 
JUGOSLAVIA. x ‘or 80 to 95 km/h. . . . . . Lin 750. 
GED ivais abies parabola: nye 2 ee Ree ee For > 9 kmh. : . . . . . Jin 000. 
; 60 ms 1 in 600, 1 in 500; 1 in 300 as a maximum. ‘ 


» 


‘ 


7 
rs 

u 

2 


If1—173 
pace : dius of curvature at any point of the 
bola y= Ce’ ihesother mecessary,evalles > nition curve! 1s. 


are calculated : 
From the formulae for y 


, 


and rerwe 


get, when x = 1 
12 
fan.o4 YG (LV) 
n2h*, C 1 
— Se A 
2C : cos" a, 
deducing C from formula (IV) : 
iB 
= Vv 
2 tan a (V) 
and substituting : 
I 
ry ie (VI) 


2 COS? a, SIN ay 


The formula (VI) is used for calculat- 
ing the angle g,. The other values are 
calculated from figure V/1 : b=r, sin a;- 

According to the equation for the cu- 
bic parabola and the formula (V) : 


— Tr; sin a4 (VIL) 
Itan ay, nhy fin a4 
= = —_ Ill 
a 3 5 (VIII) 
I 
jos tan a, —r,(1— cosa). (IX) 


(0) 


a 1 0 ED 
= ( nde = | V dx? +dy? = 
oO 


Aiea es chee 
2\2 = 2 
i + ¥2) doe i ral ue 


1 ] xs t ] x? U 
5 ER OlleD lig mele O4| 9: | 
Is i 
oe UY CRANES MO te 
nih n* hy? 


ls + a9 Gs TisgOne 
- According to the formula (I) the ra- 
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min of the 
calculated, being 


The minimum radius r 
transition curve is 
given 


that is to say 


(EG aire en 
Fn Cee ee 
or 


5 xt — 402 = 


The minimum radius is obtained for 


4 5 3 
x= yo = 0.946\VC=£E 


The angle « results from the equation 


(X) 


d 2 0.9462 
VC (4084 4/5 C232 
rain 0946: BOM ve 
(x1) 


Omix = 240 05! 4", 


The sections of the cubic parabola 


— aa can be used for the connec- 
tions between two consecutive curves of 
different radii, owing to the limits im- 
posed by the fact that the radius of the 


smallest curve must be greater than 
r min = 1.390 NAS and that the length 
of the transition curve should be l = 


0.946 \/C. 


+ 
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Particular account must be taken of 
this condition where the length of the 
transition curve is selected according to 
the length of the superelevation connec- 


tion 1 = nh, Imax = 0.946) C. 


2 V 
Xmax = Imax = 0.946 ea n = 0.946 — 
g 3.6 


For example, when V = 90 km. and n 
= 750, Imax = 253 m., whilst the length 
of the transition curve is |= h, n = 
0.140 x 750 = 105 metres (< 253 me- 
tres). 

When pegging out the transition cur- 
ve the above exact formule are not 
easily applicable on account of their 
complication; this is why it is customary 
to use approximate formulae in which 
the following approximations are made: 


l 
tan ¢ = a ee (XIII) 
C 

tage, (XIV) 
Oey (ee Sa pO ie eis Ia), 
l ‘ 

6=— [ 

5 (XVI) 


me eee oie epee! 


in which } is the length of the section 
of the cubic parabola employed as tran- 
sition curve between tthe two tangent 
points A and B, and A is the value of 


the displacement of the curves (see fig. — 


V/3). 
The ordinate of the curve at the mid- 
dle of the transition curve w = = 
When pegging out the transition cur- 
ve between the two curves, widely dif- 
fering methods may be used. In prin- 


Supposing that the superelevation of 


the outside rail has been calculated ac- 
2 


av 
cording to the formula h = ee get 
o 
2 
C= av n, 
g 
Bal, eo = 
| n= 01028 V7 0 a etd) 
9.81 
b= i (XVI) 
ae) Pe By ae cents & 


The consequence of this is that at the 
tangent points of the transition curve 
with the circular curve there are differ- 
ences in the radius and in the angle of 
the tangent of the transition curve and 
of the circular curve. Where these dif- 
ferences. reach greater values, it is ne- 
cessary to rectify the results or else use 
more accurate fomule; for example 
instead of C=Ir,, the more accurate 
value C = Ur,cos3a can be used. 

When pegging out the transition cur- 
ve between two curves of radii r, and r, 
LF ie r) , in practice still other formu- 
le deduced from the preceding appro- 
ximate formule are used : 


if (XVII) 
TT, 
rm —Ts a = ra\ 
yr e 24 ryre evs 


ciple the basis is the use of a polygonal 
couple (see fig. V/4). 

Questions 1 to 6. —— In the above in-— 
vestigation we have considered the prin- 
ciple of the transition curve composed ~ 
of a cubic parabola introduced between 
the tangent of the circular curve, and © 
the circular curve displaced in the di- 
rection of the centre of the curve, as 
well as the superelevation connection. 
Most of the railway administrations use 
the Nordling transition curve, Certain 
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others (see table V) use the Cambier 
method with a circular curve interposed. 
For example, the French Nord Railway 
uses the Cambier layout, the equation 


9 
By 


12 b R’ 
with existing lines (fig. IV/5), and the 
Nordling layout, the equation of which 
x 
125K 
new lines (fig. V/6). The Egyptian State 
Railways use Trautwine’s « Railroad 
Curves » method. 


TORE WiC heiSssn == when dealing 


yep — when it is a question of 


Question 7. — In principle, all the 
railway administrations use transition 
curves of a length equal to that of the 
superelevation connection. Cases arise 


t 
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more frequently, however, in which 
(especially on a_ short intermediate 
straight line, between curves in different 
directions, and also so that the superele- 
vation slope shall not exceed a given va- 
lue) it is necessary to use a transition 
curve the length of which may be short- 
er than the length of the superelevation 
connection. The superelevation con- 
nection can be placed in the ratio to 
the transition curve given in cases I, Il 
or III in the questionnaire. 


VI. — Turnouts and crossings. 


QUESTIONS. 


1. What angle of intersection with the 
stock rail or what angle between the 
switch tongue and the stock rail g and 
crossing angle 8 (fig. a below) do you 
use for different turnout radii R in turn- 
outs run over at high speeds : 


a) on the open road; 
b) on station arrival lines. 
Please attach a table. 


aiguille droite 


(a = angle de déviation) 


aiguille courhe 


‘quille s'applique tangentiellement 4 la 
Ge so bins - aiguile 


Fig. 


=a 
=< 
— 


(«= angle d'entaillage) 


aiguille courbe ; 
une partie prés dela pointe d'aiguille 
s'applique tangentiellement ala contre~ _ 
-aiguille : 


fi a 
ed See 
iR 


b. 


Note. — Aiguille droite = Straight. tongue. — Aiguillé avec l’entaillage = Tongue intersecting stock rail, — 
®— Angle de déviation = Angle of deviatino. — % =Angle d’entaillage = Angle of intersection. — 
Aiguille courbe = Curved tongue- Aignille... contre-aiguille = Tongue applied tangentially to the 
stock rail. — Une partic... contre aiguille = The part near the point of blade arranged tangentially 


to the stock rail. 


2. What design of switch tongue do 
you use: is it straight or curved ? 

In the second case is the curve ar- 
ranged tangentially to the running face 


of the stock rail, or is a part of the 
switch tongue near the point of blade 


‘made straight instead, and what is the 


angle of divergence, or does the curve 
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intersect the running plane, and what ts 
the intersection angle (fig. b below)? 


3. How is the heel of the tongue ar- 
ranged in turnouts for high running 
speeds ? 


4. How is the tongue kept in place 
when subjected to braking action ? 


5. Do you use tongues housed under 
the head of the stock rail? 


6. Do you use flexible or articulated 
tongues or both, and according to what 
principles is one or the other of these 
types of tongue used ? 


7. How do you satisfy yourself that 
when the tongue is moved against the 
stock rail there is no fear of it not being 
home: does this safety device depend 
upon pulling (tongue pulled against the 
stock rail) or upon pressure (tongue 
pressed against the stock rail) ? 


8. Does the radius of curvature 
through the turnout vary or ts it con- 
stant ? 


9. What is the shortest length of 
straight before and after the theoretical 
intersection point of the straight cross- 
ing ? 

10. If the curve of the turnout is con- 


tinued through the crossing, what is the 
curve radius of the crossing ? 


11. What is the gauge of curved cross- 
ings on the branching off line ? 


12. What width of flange-way do you 
allow at the crossing and at the check 
rail ? 

a) on the through line, 

b) on the branch line ? 


43. Do you take worn tyres into ac- 
count in the construction of the cross- 
ing ? 


14. Is the wing rail higher than the 


V piece (nose) of the crossing and by 


how much (in mm.) ? 


15. Do you use spring wing rails : are 
they under spring pressure or are they 
coupled to the operating gear? 


16. Are the crossings in your turnouts 
for high running speeds built up from 
rails or of rails and a steel nose, or are 
they made of cast steel ? 


17. What minimum lengths of rail or 
of crossing do you allow in the turnout 2 


18. How do you prevent rapid wear 
of the nose of the crossings; what is the 
maximum wear in mm. allowed of the 
nose and of the wing rails ? 


19. Do you use turnouts on the inside 
and the outside ? 

By turnouts on curves must be under- 
stood turnouts laid on a curve on the 
main line as well as on the branch line. 

In the case of turnouts on the inside 
of curves, the centres of the curves of 
the main line and of the branch are st- 
tuated on the same side; in turnouts on 
the outside of curves, on opposite sides. 


20. In the case of turnouts run onto 
by fast trains on a curve, are they super- 
elevated, and to what extent relatively 
to the radius of the curve and to the 
running speed ? 

21. What lateral wear in mm. of the 
rails do you allow in the turnout itself 
in the case of turnouts on curves ? 


22. What is the minimum angle, or the 
minimum angle of the nose of the cross- 
ing, of crossings and double slip-roads 
allowed on the main lines, and under 
what conditions are they allowed to be 
used (maximum speed, etc.) ? 


23. What is the maximum angle of the 
V piece of crossings and double slip- 
roads in the main lines ? 

24. Do you use double slip-roads in 
which the switches are placed outside 
the rectangle of the crossing, and what 
is the radius of these turnouts ? 

25. Do you use crossings or double 
slip-points with spring? 

26. In the case of lines run over by 
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express trains and at the turnouts lead- 
ing into stations, do you prefer turn- 
outs laid on metal or on wood sleepers ? 


27. What were the deciding reasons 
for the kind of turnout sleepers select- 
ed ? 


28. What are the maximum speeds al- 
lowed over the different types of turn- 
outs on metal or on wood sleepers, in 
the facing direction or in the trailing 
direction, on the straight or on curves, 
in turnouts of different angles, etc. ? 

29. What are your requirements as 
regards the construction of the crossing 
and the layout as a whole, based on your 
own experience, in order to increase the 
running speed onto the deviated line ? 


Questions 1 and 2.-— See table VI/1. — 
Practically everywhere the tongues in 
principle are arranged in such a manner 
that they touch the stock rail at a given 
angie of intersection. This angle is in 
recent turnouts very small (within the 
limits of about 25’ to 40’). 

Tangential contact is not reported by 
any administration, and this method is 
no longer considered in turnouts for 
high running speeds on curves. 

Question 3. — The heel of the tongue 
in switches for high running speeds is 
built up by an absolutely rigid standard 
fishing for the flexible tongues and by 
an assembly with special connecting 
fish-plates on bearings for non-flexible 
articulated tongues. The heel of the ar- 
ticulated tongues has a circular pivot, 
the diameter of the pivot varying con- 
siderably. In the construction of the 
flexible tongue of switches a_ special 
rolled section is used, the end of which 
towards the heel is forged and adapted 
to the rail section. The articulated ton- 
gues can also be run over at the highest 
speeds owing to the special arrangement 
of the pivots. The pattern used by the 
Czechoslovakian State Railways _ is 
shown in figure VI/1. 


. 


Fig. VJ/A. 


In this arrangement the tongue heel 
with the pivot plate is secured by a 
special locking plate to the bearing car- 
rying the heel. 


Question 4. — The tongue should be 
held in position as far as possible against 
the braking effects. For example on the 
French Midi Railway, the flexible ton- 
gue is connected on the one hand to 
the tongue heel rail by the rigid fishing 
(this rail is in its turn connected to the 
sleepers by a special bearing fastened 
by a substantial bolt), and on the other 
hand to the switch sleepers by one or 
several holding clamps which are bolted 
to the tongue and coach screwed to the 
sleepers. The articulated tongue used 
on the same railway is connected to the 
tongue heel rail by a fishing allowing 
the tongue to pivot. A special bearing 
carries the heel and consists of two 
stops which fit into recesses in the foot 
of the tongue so as to prevent any creep- 
ing movement. On the Paris-Orleans 
Railway the heel of the tongue is fixed 


‘by a cross stay to the stock rail and 


to the following rail by means of 4 bolts 
(fig. VI/2). The French Est Railway 


contre -aiguille pall 
aguilie : v : : = 
Fig. VI/2. 


uses the flexible tongue which, just in 
front of the fishing, is connected to the 
stock rail by a stay forming a fixed 


point, which prevents at the same time 
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Table VI/1. 


Question i hy | rns Question 2. all mae } on , Question 8. 


The tongue giving the deflection is 


Angle of intersection with stock rail Angle of crossing ae ; Radius of the curve 
on a wholly tangent on a partly tangen 


straight on a curve relative to the 
curve, 


switch. 


ADMINISTRATIONS. 


curve, 


| 
| 
| 
: ~~ between 
on He open | lines at the entrance on the open lines at the entrance IO | pret 4 in the | the switch | 
line, | to stations, line. to stations. Qi switch, | and the | 
crossing. 
| 
| 
_ BELGIUM. Fs 30’ 20 51’ 44” (R = 1160 m.) — / — | = — | a | 
algian National Railway F,: 30 4o 5 (R = 560m.) . 
a mpary. ue : 30’ bo 1? 24” (R = 020 ) | 
Bigs) 50’ 6°11’ 55” (R= 180m.) 
EGYPT. 
tate Railways . — | wt alse} = — = — — — 
1:10 
J 1202 
FRANCE and COLONIES. 
state Railways . 25’ 3 26’, tan (0.06) — / = / — _ 
Isace-L.orraine Railways . PAO TS? 40 05’ 8.222”” (1: 14) / ‘ = = | 
’ curved and de- | 
40° 5° 42” 38.13”’ (1: 10) / ({ flected towards { 
40° 5° 42’ 38.13”’ (1: 10) / ( the inside of | 
the curve. 
33 50 42’ 38.13” (1: 10) / : | 
33 50,42’ 38.13” (1: 10) j (symmetrical. . 
; = 
Est Railway . 30’ { He) — = | 1 nf gm te | 
; tan (0.06) — a — 900 m m 
(0.0085) -- / ES == 500 m 500m. 
Midi Railway 25° 20 58” 36” / / te / | 
J 25° BOGE Tis: 
29° (1° 19’ 45’’) 5° 09’ 11’’, tan (0.09) a= 25” d = 1.00 BB. ) 
i 20’ (1° 19 45’’) 5° 50’ tan (0.096) a =40 (for i ic 19’ 45 
25’ 40” (1° 19’ 45”’) 6° 17’ 46’, tan (0.11) (being designed), Ie3l'1 
| 25’ (1° 19’ 45*”, Le 31’ 01’) 7° 26’ 16’’, tan (0.13) | 
- : zy? 0 96°. t; Plexibl / AA 2 736 | 
oo” ete Hee an (0.07) tongue } (Symmetrical) + ) = = a= 100m. ++) *h) tem | 7 em 
257 tan (0.09) 12:00 m. 4b \eyeumetrical) =) / / 276 *) 945 m. 
pe d = 4.00 m. **) 502 m. 
320 m, 
a = dd, 
eG) y I> Fee 35° | = tan (0.07 = = ~ length of tongue 9.35 m., — = Same radius in the switch as 
is-Orleans Railway . | (0.07) Rees 560 between the switch and the 
= 1° 32’ 38” — ian (0.10) a = 1°52’ 68”, = crossing. Values were not 
tan (0.11) da 4 60m ; given. 
| (length of tongue), 
| R = 245,218 
a) 51’ 33” 74 a) 3°26’ 17” 746 (0.06) c= = es / . 
b) 1°17? 20” 17 py | 42.00 41” 48 (0.07) / = ss — 
5° 09’ 30” 10 (0.09) 
i 64! eR ee, 
| 
39’ 287" 342 3° 43’ 8” 378, tan (0.065) f= / a 
MBURG 7 ” — t 
mri Railway 33 50 42’ 38” 13 1 
: ae ; 
P( 1 
“ Less than Le (st) a — BES 
\ 
24° 58” 4o 5° 8” (1:14) Ee / Ae 
33° 50 42’ 38” (1: 10) zs / Pe 
40’ 40 51’ 26” (1 :11.8) -- / eee 
(Syst. A) : { — 2s 
49’ 41” 6° j = des 41” 
Xa, 5714", 60 ‘ fs a = 
X y 
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Table VI/2 (Concluded). 


Question 23. | Question 24, 


Question 26, Question 28. 


2 Guetta 6, oe ee 


Question 25, 


aeeaaony angle Do you use dou- z Kind of sleepers adopted Maximum speed when running over turnouts on sleepers 
OL... ble slip roads|¥° YoU use cross- for turnouts at the “a 
ot ae Hs the crossing in ay the| ings or dou- entrance és ape pe a a 
ADMINISTRATIONS. leflecting d shit! i Ee of wood 
deflecting a ble slip roads of steel. ae 
—| vices are lo- - Se aoe 
ae cated outside a Seog 
obtuse, the rectangle obtuse CYOSS- 2, “Rata | y ~ 
: - } : : Straightalicoe we ; urve ‘anc 2. 
Common, e: sonNt of the cross-] ings. steel. wood. = i 6 (branching straight line, curyed (branching off) line 
Sup, Toads. ing? ey off) line. J 
See a ET TE ITE SSE TS AIEEE EI 
O-PS Ss SSS SSS SS A . 
BELGIUM. F.: 90 km./h F_:120 km./h. (with superelevation). : 


Belgian National Railway 


a F.: 90 km./b. (without superelevation. 
Company. 6 


6° 11’ 55” T2120 No No — -, a (laid without superelevation). 
: ; ! F: 60 km. /h. 
EGYPT. (laid without supereleyation). 
State Railways... . 

| FRANCE and COLONIES. 


\State Railways . 


— 1.8 No. No. == / = ook — 


7° 30° 7° 80’ 


tan (0.13) tan (0.13) ‘No. No, — / = : As for Paris-Orleans Ry. 


70 km./h. for 3° 26’, 
30/15 km./h. for other turnouts. / 


: 
| 4lsace-Lorraine Railways . 6° 49’ 35.4” . i : 
(1 in 8.5) Yes. No, / — No re- 145 km./h. No restriction. 45 km./h. 
8° 30’ 7° 24 striction, 
tan (0.15) tan (0.13) Yes. No. = | — ae Same speed as on the open line, 
the point being -locked. 


Est Railway . Either facing or trailing: 


\ without | 90 km./h. 


| 
! 
} 
i 
| 
' 


tan (0.05) (laid superelevation 

with 100 a 120 km./h. 

tan (0.06) (laid without superelevation) 80 km./h. 

tan (0.085) (laid without superelevation) 60 km./h. 

tan (0.10) (laid without superelevation) 40 km./h. 

tan (0.11) (laid without superelevation) 40 km./h. 

tan (0.13) (laid without superelevation) 30to 40 km./h. 


Midi Railway 7° 26’ 16” hist Ni: bab / os mn ‘Ae othe FE Re! 


30 km. /h. 


Nord Railway tan (0.13) No. No. a. / = Do. 


/ 

| 

Speed restrictions (dependent on the radius of the curves) | 
are shown in table JII/1. 

| 


A = 0:110, No No. — / aad — No restriction. 


=a, erate aay. 
pea ees FOIE e) and 0.150 (exceptional). 


Generally 50 km./h. for passenger trains and 20 km./h. for goods trains. 
Exceptionally appliances with long tongues with a curvature of R = 


550 m. are run over at a speed of 70 km./h. on the branching off section.| 


For (0.06)... « S322). S23 ©, er 
For (0.07), [.» a0 eye by eet Oe A ke aces 
For (0.09). 5: 5) to 9) 


tan (0.13) No. No. 2 / _ = Do. 


Paris-Lyons-Mediterranean 
Railway. 


State Railways in Algeria. 


Moroccan Railways 


ITALY. 
F ; 70 km./h. 


LUXEMBURG. 


Prince Henri Railway 


POLAND. 
State Railways . 


RUMANIA. 
State Railways .- 


CZECHOSLOVAKIA. 
State Railways . 


JUGOSLAVIA, 
State Railways . 


(font 75059) (6° 20’ 24’’) 


1 in 10 


5° 42’ 38”’ 
(1 in 10) 


7Fo 


No. 


No. 


No. 


/ = 100 km. /h{30 km./h. 


me 80 km./h ]40 km./h. 


70 km./h., if the point 
is locked. 


75 + 90 km./h. 


60 km./h. 


os — y No. No. — / wb ark tan (0.065) : no sestriction. 
ae are RCH ao BER lS BOT i aan cn a Rel in| Le ~ tan (0.10) > No FESR OCD 
1 in 8 lin 9 Yes. No. — oF a 60 km. /h. 


35 km./h. 


40 km./h. 


50 km. /h. 


30 km./h. 


> 
= 


: ise ane ft . 
Pere Se ee ae 
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any longitudinal movement. The ar- 
rangement of the flexible tongue and 
the stock rail of the Alsace-Lorraine 
Railways and the Czechoslovakian State 
Railways, at the heel, is shown in fig- 
ure VI/3. 


The flexible tongue is fastened to the 
bearing plate which in turn is bolted to 
the metal sleepers. In order to prevent 
movement, the foot of the tongue is 
slotted to take the bolts of the holding 
clips. The stock rail is secured to the 


pig 


TT els ee 
ae Ae VERE 


) ‘Sis a ee 


a) \ga) (Ol 


sleepers and the diameter of the holes 
for the fish-plate bolts of the joints is 
95 mm. (1 inch) [thickness of the bolts 
99.5 mm. (57/64 inch)], so that the 
whole forms a rigid point of support 
against expansion and against creep. 


Question 5. —- Most of the administra- 
{ions who replied use tongues housed 
under the stock rail (see fig. VI/4). 


Vig. V1/4. 


On the French Nord Railway the ton- 
gues bear laterally on the side of the 
head of the stock rail. In several types 
of switches the tongue has in addition 
a sort of « beak » which engages for a 
distance of several mm. with the under 
side of the stock rail head. 


2 


Pe tes 


- Question 6. — As a rule flexible ton- 
gues are used on long turnouts for high 
speeds and articulated tongues for low 
speeds. Flexible tongues are preferred 
on main lines with heavy traffic, but 
there are still in service many turnouts 
with articulated tongues on the main 
lines of the great companies. The Paris- 
Lyons-Mediterranean Railway uses turn- 
outs with flexible tongues only in the 
case of junctions which have to be 
taken at high speeds in both directions. 
The French Nord uses flexible tongues 
on high-speed lines alone. 


Question 7. — As a rule wedging or 
locking devices are used to make sure 
the tongue has gone home. These de- 
vices are often placed outside the track 
and bolted to the sleepers. The French 
Est Railway electrically controls the 
application of the tongue against the 
stock rail with an electric indication of 
the position of the lock or of the wed- 
ging device. On the Czechoslovakian 
State Railways good results have been 
obtained as regards ensuring the tongue 
being home by the hook lock shown in 
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figure VI/5, whereby the tongue is pul- 
led up to the stock rail. 

In the case of turnouts run over at 
high speeds this lock has replaced the 
old pedal device by means of which the 
tongue was pushed against the stock rail. 


Question 8, — The turnouts used have 
either a constant radius of curyature 
from the point of blade to the heel 
of the crossing, or the radius of curva- 
ture of the turnout is different from that 
of the curvature between the turnout and 


= 
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Fig. VI/5. 


the crossing. If the radius varies the 
tangent point of the two radii is general- 
ly situated at the heel of the tongue. In 
most cases the administrations use in 
turnouts run over by express trains radii 
of constant value throughout the turnout 
(see table VI/1). 


Questions 9 and 10. — On the French 
Nord, Midi, Paris-Orleans, Paris-Lyons- 
Mediterranean, and State Railways, the 
crossings with rare exceptions are 
straight. The curve of the turnout is 
not continued into the crossing. On the 
other hand the French Est has used 
since 1911 curved crossings, i. e. cros- 
sings in which the curve ends’ be- 


yond the theoretical intersection point 
of the crossing. In certain cases the 
curvature is continued to the end of 


_ the heel of the crossing. The radius of 


curvature in the crossing is the same as 
the radius of the curved track. The 
nose of the crossing is straight (see fig. 
VI/6). The Alsace-Lorraine Railway 
Company uses for 1 in 10 turnouts, with 
both roads curved, either similar or con- 
trary flexure curved crossings with a 
radius of curvature R = 500, or 750 m. 
(R = 25, or 37.5 chains). (See replies, 
table VI/2.) 

Question 11. — The gauge in curved 
crossings on the French Est Railway is 
the same as that of the branch line at 
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ihe beginning of the crossings, and the 
same as that of the through line on leay- 
ing them. 


Question 12. — According to the 
French Est Railway the width of the 
flange way between the running rail op- 
posite the crossing and the check rail 
depends upon the gauge of the track and 
upon the way the crossing is laid (on 
straight line or on a line on a curve). 
This width of flange way is regulated 
so as to protect effectively the crossing 
point by the check rail. 


R168." 725 


Figure VI/6 shows the arrangement 
of a crossing tan 0.13, in a two-way 
turnout, the left hand route being on 
a curve. 

In obtuse crossings the length of the 
gap in the running surface taken be- 
tween the point rails of the crossing is 
considerable. In order to reduce this 
dangerous and unprotected gap in the 
running surface, the width of the flan- 
geway of the obtuse crossing should be 
reduced to the minimum by avoiding 
unnecessary play. Naturally in obtuse 


crossings and double slip-roads anything 
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Fig. VI/6. 
Notes : Ecartement de la yoie = Gauge. — Orniére= Flange way. 


which could influence or encourage 
oscillations about the longitudinal and 
vertical axes of the vehicle at places 
situated in front of or on the point rails 
of the obtuse crossing must be guarded 
against. 


Question 13. — Most of the adminis- 
trations take into account, as far as pos- 
sible, worn flanges when getting out 
the detail drawings, so that every pair 
of wheels satisfying the limiting pre- 
scriptions laid down at Berne can pass 
through the turnout without incident. 


Question 14. — See table VI/2. — At 
the place at which the point of the nose 
is strong enough to carry the weight 
of the wheel, the point rail should be 
lower than the wing rail, by an amount 
corresponding to the conical form of the 
flange in new condition, i. e. by about 
5 mm. (13/64 inch). This object is at- 
tained either by raising the wing rail 


relatively to the point rail or by lower- 
ing the point rail below the running 
surface of the wing rail, and frequently 
by both methods at the same time. 
Wheels with worn tyres run over the 
crossing in a different position from 
that taken up by wheels with new tyres; 
this is why it is not altogether possible 
to avoid some of the wheels either 
dropping or rising when running from 
the wing rail on to the point rail. 

The arrangement in profile of the 
point rail and of the wing rail for the 
cast crossing used on the Paris-Lyons- 
Mediterranean Railway and that used 
on the Czechoslovakian State Railways 
is shown in figures VI/7 a), b) and c). 


Question 15. — The Paris-Orleans 
Company has given up the use of this 
arrangement. The Alsace-Lorraine Rail- 
ways alone report that they use spring 
wing rails in two-way turnouts of the 
standard S 33, 1 in 8 1/2 type. The 
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a) France, — Paris-Lyons-Mediterranean Railway. 
(LP 0,09 monoblock common crossing with manganese steel nose). 
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spring push is bolted onto the bearing 
plate of the V piece. 


Question 16. — (See table VI/2). — 
The French Nord, Est, Paris-Orleans, 
Paris-Lyons-Mediterranean, and _ State 
Railways prefer cast manganese steel 
crossings in the case of turnouts on 
their main lines run over at high speeds. 
The French Est Company uses steel 
crossings containing 12 to 14 % of man- 
ganese; it also has under trial cast nickel 
chrome steel. In addition to the mono- 
block crossings various types of cross- 


ings built up from rails are frequently 
used. For example the French Midi 
Railway uses nothing but crossings built 
up from standard rails. This railway 
has since 1926 used a type of strengthen- 
ed common crossing known as the C 
crossing, built of Vignole rails weigh- 
ing 65 kgr. per m. (131 Ib. per yard), 
with 40 mm, (1 9/16 inches) webs, hav- 
ing in the track run over at speed a con- 
tinuous rail AB (fig. VI/8) in one piece, 
simply cut away on the top for the pas- 
sage of the branch line. 

In the same way as regards obtuse 


File de rail dela 
volte aLrecte 


Fig. VI/8. 


Note: Pte math. = Intersection point. — File de rail de la voie directe = Line of rails of the main track. 


Fig. VI/9. 


crossings for through roads the French 
Midi Railway has in service a type of 
crossing designed in such a way that 
the two tongues are arranged in the 
same rail AB (fig. VI/9). ; 

The rails used are of the ordinary 
type. *- 
Many administrations use crossings 
built up of rails with a steel point rail. 
On the Czechoslovakian State Railways, 
for example, this type is preferred to 
the monoblock crossing. The reason 
for this choice is due to the fact that 
on this railway metal sleepers are used 
on turnouts run over at high speeds. 
The monoblock crossings on metal sleep- 
ers have not given good results. On the 


other hand there is no objection to their 
use on wood sleepers. 


Question 17. — (See table VI/2).— The 
Czechoslovakian State Railways by weld- 
ing avoid as much as possible the use 
of short pieces of rails in turnouts. 
Welding the rails is also allowed even 
where it is necessary to use junction 
fish plates. y 


Question 18. — As a rule, the rapid 
wear of the points of the crossings is 
prevented by using special steel : man- 
ganese steel, nickel-chrome steel, heat- 
treated rails, etc. The other methods 
consist in protecting the point by the 
check rail and by lowering the end of 


end 


~~. 


eat Man ahs ic) AP 
es t- , any i 


9O4, 


a 


0 


IH— 1835 


the point rail of the crossing relatively 
to the wing rails, so that it does not 
have to stand the wheel blows (see 
Question 14). 

Most of the replies received from the 
administrations show that the maximum 
amount of wear allowed at the nose of 
the crossing or on the wing rail is not 
laid down (see table VI/1). 


Question 19. — Nearly all the admi- 
nistrations use turnouts on inside and 
outside curves. For example the French 
Nord Railway uses two radii of the 
curve on the main lines : 

a) 500 m. (25 chains) radius: appli- 
cable to turnouts laid in curves up to 
625 m, (31 1/4 chains) radius inclusive; 


b) 700 m. (35 chains) radius : appli- 
cable to turnouts laid in curves of a 
radius between 625 m. (31 1/4 chains) 
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and 1000 m. (50 chains) inclusive. 
Beyond 1000 m. the turnouts used are 
of the standard type used on the straight. 


The French Est Railway prepares 
laying plans for turnouts the radius of 
which varies from 100 to 200 m. (5 to 
~ chains for small radii, and 200 to 500 

. (10 to 25 chains) for the large radii. 


Question, 20. —- The main line of a 
turnout on a curve run over by fast 
trains is usually superelevated in accord- 
ance with the radius and the respective 
speed as in the case of a curve on the 
plain running line. Some administra- 


tions limit the value of the supereleva- 
tion in turnouts. This maximum super- 
elevation generally decides the value of 
the radius calculated relatively to the 
speed. 


(oyniveau du rit 
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Fig, VI/10. 

Explanation of French terms: 
Niveau du rail = Rail level. — Palier de... = Level for...— Pente de... sur... envir. = Down gradient of... 
for... about. — Rampe de... = Rising gradient of... 


Figure VI/10 shows the lay-out of a 


tan 0.05 two-way turnout with superele-_ 


vation, of the French Est Railway, in 
which the branch line is continued in 
a straight line after leaving the cross- 
ing. In the case of the administrations 


who do not use turnouts with superele- 
vation or who limit the speed on the 
turnout curce or place the main direc- 
tion of the turnout on the straight, as a 
rule the speed is not limited. 


Question 21. — As regards the lateral 
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wear of the rails in the turnout it is 
either not limited, or it is the same as 
on the plain running line. For exam- 
ple, on the Paris-Orleans Railway, the 
rails are withdrawn from the track 
when they have reached the limit of ver- 
tical wear fixed for each type, distin- 
guishing between lines run over by the 
expresses, the secondary lines, and the 
sidings. On the other hand, rails worn 
laterally are withdrawn from the outer 
rail of curves when the height hf of the 
wear fh exceeds 30 mm. (1 3/16 inches). 


‘This arrangement has been taken as 
the result of experience. which has 
shown that for a height of chamfer ex- 
ceeding 30 mm. certain worn flanges 
have a tendency to run in the concavity 
of the. chamfer and climb the rail. 
However stricter limits are now laid 
down for the stock rails. 

For 46-kgr. (92.7 lb. per yard) Vignole 
rails, the French State Railways allow 
the following wear : 

Wear of the rail head 16 mm. (5/8 tae) 
Mpa of the foot 2 mi, (5/64 inch) « 

“In the case of lateral wear of the. Siead 
of the rail these limits are reduced by 


half the lateral wear measured 15 mm. 
Me: inch.) below, the running surface. 


ny 


“ Questions 22, 23. and 24. — See. table 
Te : 
Question 25. No’ administration 
uses spring. obtuse. sree VAS 


4 


Questions’ 96 and 27. — Most of. the 
administrations, and saeeile the main 
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French Railways (the Alsace- Lorraine 

Railways excepted) prefer wood sleep- 
ers for the turnouts. The arrangement 
is the same as for sleepers in plain line 
when it is possible to obtain the kinds 
of wood required for the track and its 


equipment. The use of metal sleepers 
moreover does not permit the use of 
track circuiting. 


The Czechoslovakian State Railways 
use for the plain line wood sleepers ex- 
clusively, although they prefer metal 
sleepers. for turnouts run over at high 
speeds, seeing that they are easier and 
more accurate to fit than when the 
turnouts are laid on wood sleepers. 

Question 29.— In order to assure high 
speed. approaching the maximum allow- 
ed on the branch line of a turnout, the 
French Midi Railway has under design a 
switch with 44 kgr. (88.7 lb. per yard) 
rails, a tan 0.054 (angle 2°58’36”) cross- 
ing curve of 1 000 m. (50 chains) radius, a 
flexible tongue 14 m. (45 ft. 11 in.) long, 
the whole length being curved with an 

angle of contact of 0° 25’.- The crossing 
is ‘of the strengthened type C, using 68 
kere (137_ Iba per yard) rails. The 
Paris: Orleans Railway recommends : 

. For the crossing : The smallest -pos- 
sible angle, but one making it, possible 
to get a satisfactory connection ayth the 
appliances which follow it; 

For the turnout’: the angle of. the 
crossing being given, to select the cha- 
racteristics so that the angle of deviation 
is a minimum and the radius_a maxi- 
NEL E Seep arate ers ca ‘ 

The French State Railways recom- 
mend: 1. Smallest possible angle of de- 
‘viation of the tongue ; 2. Staying of the 
‘check rail and of the crossing ; .3. Rais- 
‘ing the check oe relatively t to the track 
rail. J > 

“The French Nord has Me eenicedl the 
‘trying | out of a type “of. ‘turnout which 
‘will ‘make it possible to. take at 120 km. 
(74.6. miles). per hour the branch’ lines 
‘of junctions. This turnout will include 
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a flexible tongue giving an angle of on- 
ly 25’ with the stock rail ; the radius of 
curvature will be about 1000 m. (50 
chains), the curve extending to the 
crossing under an angle of tan 0.054. 


——— 11,050 
contre-rail inter-(io,a0a) 
mediaire muni de 2 butoir TR aed) 


The turnouts of the French Est Rail- 
way are built up with the smallest 
angle of deviation, of 2°51 (tan 0.05) and 
with a large radius of 1300 m. (65 
chains). 


Paris-Lyons-Mediterranean Railway. — Symmetrically-curved turnout; tan (0.06). 
; RN exeeeoe So ee 470 500 
oe Se aaa ag MQSO -s-teeccerr essere i he 
of Partis de cont contre-rails dextrémité a droit (2 paucha) munis dun butoir. € 
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; = Changement simp! 
{ Partie de_contre- -rail surélevée de 20 ves aes spirit Sa re ei! Is avec aigui/les de 
S| Ss osée sur coussinets et CTs at ae = aniveay [2 127000 pour 
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© symétrique 


The arrangement with raised check rails between the points and the crossing will only be used in the case in which 


superelevation corresponding to the authorised speed can not be obtained. 


Fig, VI/11. 


Explanation of French terms: 


Partie de contre-rail surélevée de 30 mm. posée sur coussinets et sur tasseaux en bois = Part of the check 
rail raised 30 mm. laid on chairs and wood packings. — Partie de contre-rail 4 niveau = Level part of 
the check rail. — Contre-rails d’extrémité 4 droite (4 gauche) munis d’un butoir = Right (left) hand 
check rails fitted with one bearing stud. — Orniére = Flange way. — Contre-rail intermédiaire muni 
de 2 butoirs = Intermediate check rails fitted with 2 bearing studs. — Changement simple avec aiguilles 
de 12 m. pour branchement symétrique = Single turnout with 12-m. switch tongues for symmetrical 


turnouts. 


The Paris-Lyons-Mediterranean Com- 
pany uses methods of construction 
which can be recommended for turnouts 
with flexible tongues 12 m. (39 ft. 4 1/2 
in.) long and common crossing L. P. A. 


0.06. There are 2 types of two-way 
turnout, LP : 


1. Turnout for branch with straight 
main line ; 


De Sane icallynctinvted turnout. (See 
fig. VI/11). 


The Czechoslovakian State Railways 
consider it desirable, from the point of 
view of the construction of the turnouts, 
to adopt close spacing of the sleepers 
under the switch in order to reduce the 
possible flexion in the vertical direction, 
as well as a greater number of stops be- 
tween the flexible tongue and the stock 
rail. In addition it is necessary to em- 


ploy a strong lock for the points of the 
tongue, such as the hook lock. 


VII. — Check rails. 


QUESTIONS. 


1. Do you use check rails (guiding 
rails on curves or check rails in turn- 
.ouls) against which the inside faces of 
the tyres bear on curves and also at gaps 
in the running surface on straight lines, 
solely for motives of security, or are the 
check rails used in order to diminish the 
wear of the inside face of the outer rail 
on curves, i, e. on the ground of econo- 
my ? 

2. What is the width of the normal 
flange way at the check rails: 


a) in turnouts and through roads (or 
diamonds) ; 
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b) on the inside rail of sharp curves 
of different radii ? 


3. Is the check rail at gaps in the 
running surface and at the crossings 
higher than the running rail, and by 
how much (in mm.) ? 


4. What variations + in mm. are al- 
lowed in the width of the flange ways of 


the check rails ? 


5. From what radius of curve do you 
commence to use check rails or guiding 
rails on the main lines ? 


6. Does the use of check rails or guid- 
ing rails involve any reduction (through 
increased tractive resistance) or permit 


any increase (through greater safety 
against derailment) in the running 
speed ? 


7. Do you use check rails or a guid- 
ing rail on down gradients and on the 
level only, or also on rising gradients ? 


8. Are guiding rails used along the full 
length of the transition curve, or in the 
absence of a transition curve, along the 
straight and to what length ? 


9. What advantages (for example, 
greater safety against derailment, reduc- 
tion of side wear of the outer rail) and 
what disadvantages (for example, great- 
er train frictional resistance, greater cost 
of installation) have been found when 
check rails are used in the main lines ? 


10. Do you also use check or guard 
rails as a means of protection, i. e. rails 
on the inside of a curve with which the 
tyres come into contact only in case of 
derailment, the curvature being left out 
of consideration (for example, on long 
and high bridges with superelevated li- 
nes, on bridges with sharp curves, on 
high retaining walls, on level crossings 
with heavy road traffic, etc.) ? 


11. What is the width of the standard 
flange way in such guard rails ? 


12. Is the guard rail higher than the 
rail and how much, in mm.? | 


13. Have you records of cases in 
which accidents, the consequences of 
which might have been serious, have 
been prevented by the guard rail, the 
use of wich has thereby been justified ? 


Question 1. -— All administrations use 
check rails in turnouts through roads and 
slip-roads, in order to protect the com- 
mon or obtuse crossings at the gaps in 
the running surface. Check rails on 
curves, however, are only used on some 
railways. The reason for using check 
rails is in the first place safety ; but in 
certain cases they are also laid on the 
running lines to prevent too rapid side 
wear of the outer rail. 


Question 2. — a) The width of the 
flange ways in turnouts, through roads 
and slip-roads, as a rule is so arranged 
that when the tyre is against the check 
rail there still remains a few millimetres 
play between the flange of the other tyre 
and the point of the crossing, the flange 
being supposed new. 

b) As regards the width of the flange- 
way on the inside line of rail on small- 
radius curves, it is fixed in such a way 
that the wheels can use the whole width 
of the track, i. e. that the tyre of the 
wheel on the inside rail being against 
the check rail, the flange of the other 
wheel, supposed to be new, just comes 
into contact with the rail on the outer 
line. Figure VII/1 shows the method of 


Radius of curve R. hae 
Standard gauge of 1.435 m. ( ft. 8 1/2 in.). 
Gauge widening s. — 
Thickness of new wheel flange 0,051 m. 
O + 1.363 + 0.031 = 1.435 + s— 
O- = 10}040 —Fes. 

RTS Waligals 
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arriving at the width of the flange way 
between the inner rail and the check 
rail. 

For s the value taken should be in 
accordance with the formule VII or 
VIII of Chapter II. For example, when 
R — 180 (9 chains) and d (distance be- 
tween wheels) = 4m. (13 ft. 1 1/2 in.), 
s — 28 mm. (1 7/64 in.) and o = 69 mm. 
(2 23/32 inch.). 


Question 3. -— The check rail in 
through roads and in slip-roads (obtuse 
crossings) is raised on all railways. 
Some administrations also use raised 
check rails for protecting the points of 
common crossings in turnouts. 

In slip-roads the rails converge at an 


Contre-rai/ 
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obtuse angle at the same crossings. It 
is not possible to place the check rail in 
line with the gap so that the wheel can 
be protected and guided over the whole 
length of the interruption of the running 
surface. The smaller the angle of the 
crossing, the longer the part not protect- 
ed. For example, if an obtuse crossing, 
hangle 6°, with the check rail raised 
h — 38 mm. (1 1/2 inch.), with a wheel 
radius r — 0.5 m. (1 ft. 11/16 in.), the 
length of the gap in the running surface 
between the point at which the flange 
fin new condition 25 mm. (63/64 inch) 
high], when approaching the point of 
the crossing leaves the check rail point 
1 to the position of contact with the 
point of the point-rail 2 (see fig. VII/2), 
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Fig. VII/2. 


Explanation of French terms: 
Contre-rail = Check rail. — Plan de roulement = Running surface. — Pointe de ceur = Nose of crossing. 


Contre-rail surélevé = 


is 7 = 0.514 m. (1 ft. 8 /16 in.) from 
which the non-protected part is found 
to be 1, = 0.210 m, (8 1/4 inches). 


The length of the unprotected gap can 
be reduced by raising the check rail. 
The amount it can be raised is however 
limited. | For example on the Czecho- 


Raised check rail. 


slovakian State Railways there is a space 
of 50 mm, (1 31/32 inches) above the 
running surface of the rail, a measure- 
ment limited by the clearance gauge. 
The amount fh the check rail can be 
raised on the Czechoslovakian State Rail- 
ways in the case of the obtuse crossings 
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of slip roads of recent types is 38 mm. 
(1 1/2 inch.).. The maximum wear of 
the wing rail [12 mm. (15/32 inch.) | is 
taken into account at the same time, so 
that in all for a rail worn down 12 mm., 
there is an available height of 38 + 12 
— 50 mm. (1 31/32 inches) in the limit 
allowed by the clearance gauge. On the 
old type of obtuse crossing in which 
the check rail when new was raised 60 
mm. (2 23/64 inches) above the wing 
rail, the spring buckles on a locomotive 
on which when new the spring buckles 
were 104 mm. (4 5/64 inches) above the 
running surface came into contact with 
the check rail. With the minimum tyre 
thickness of 40 mm. (1 9/16 inches), 
5 mm. (13/64 inch) wear in the axle 
boxes and 12 mm. (15/32) wear of the 
wing rail, the height h became reduced 
from 104 mm. (4 5/64) to 47 mm. 
(1 27/32 inches), with the result that the 
buckles of the springs and the check rail 
fouled by 60-47 = 13 mm. (33/64 inch). 


Question 4. — The Alsace-Lorraine 
Railways arrange the check rails on 
the crossings with standard S 12 and 


S 33 rails, so that, by removing a pack-- 


ing 4 mm. (5/32 inch) thick arranged 
between the check rail and the bearing 
studs, the worn check rail can be restor- 
ed to the normal distance of 41 mm. 
(1 39/64 inch) from the running rail. 
When the wear of the check rail reaches 
4 mm. (5/32 inch) it is only necessary 
to remove the packing and reverse the 
clip. . 

Question 5. —- The Alsace Lorraine 
Railways use check rails on curves of 
a radius R = 500 m. (25 chains). The 
check rail used in special cases on small 
radius curves on the Paris-Lyons-Medi- 
terranean Railway is generally raised 
30 mm. (1 3/16 inch) above the running 
surface. On other railways the check 
‘rail is only used in exceptional cases and 
there is no definite regulation on the 
subject. 


Questions 6 to 9, — The replies from 
the administrations using check rails 
on curves show that this arrangement 
has an insignificant effect on increas- 
ing the tractive resistance. On the 
other hand, the check rails offer much 
greater safety against derailment. The 
question of up or down gradient has 
nothing to do with the use of check rails. 
The check rails are only used on curves 
of small radius. On the Alsace-Lor- 
raine Railways, the check rail usually is 
continued to the middle of the transi- 
tion curve. The use of check rails has 
the advantage of reducing the wear on 
the inside face of the outer rail on the 
curve. Against this, disadvantages are 
the costs of installation and mainte- 
nance. 


Questions 10 to 13. — The French 
Est Railway lays guard rails on cer- 
tain long and high metal bridges, along 
retaining walls, and parallel to the piers 
of structures over the track. These 
guard rails are generally placed outside 
the track. The guard rails at level cross- 
ings are placed inside the track, and are 
bent at their ends so as to increase the 
flange way to about 110 mm. (4 11/32 
inches) on entering and leaving them, to 
prevent the flanges striking. The Alsace- 
Lorraine Railways vary the width of the 
flange way in accordance with the ra- 
dius of the curve. 

The Czechoslovakian State Railways 
prefer to use long timbers at level cross- 
ings rather than metal check rails. 

Guard rails on metal bridges are made 
either from old scrap rails or special sec- 
tion rolled bars or timbers sometimes 
flitched with angles. 

Most administrations consider guard 
rails should be used on long metal brid- 
ges. The guard rail on bridges is not 
raised in every case. The replies re- 


-ceived show the administrations have 


not had to report any cases in which 
accidents which might have had serious 
consequences have been prevented by 
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guard rails. The Rumanian and Egyp- 
tian State Railways alone mention in a 
general way that accidents have been 
prevented by the use of guard rails on 
metal bridges, According to the French 
Est Railway, no case is known in 
which a serious accident would have 
been avoided solely by guard rails being 
used ; but as their use is very limited 
and as their first cost and cost of main- 
tenance are small, this Company con- 
siders that such a safety measure is well 
justified. 


CONCLUSIONS. 
I. — Strength of the track. 


The reciprocal reactions between the 
vehicle and the track are not sufficient- 
ly well known for it being possible to 
calculate with precision the dimensions 
of the different parts of the track. Cal- 
culations are, however, useful as they 
make it possible to form a judgment on 
and make a comparison between the 
maximum wheel loads and the maximum 
train speeds. The results of these cal- 
culations should be supported by exper- 
ience. 

The need for a more complete know- 
ledge of the ratios and the values of the 
forces acting on the track is felt both 
as regards the financial aspect and the 
technical. It is desirable that attention 
should be given especially to vibratory 
phenomena, by carrying out systematic 
tests on a much greater scale, by means 
of suitable apparatus. In view of the 
magnitude of these tests and observa- 
tions it is desirable that several railway 
administrations should co-operate in 
making them. 


Il. — Gauge widening on curves. 


The gauge widening on curves de- 
pends generally upon the radius of the 
curve and the wheel base of the vehi- 
cles. As a rule, the amount should be 
large enough for the rigid wheel base 


vehicles to pass freely round the curve. 
A greater gauge widening enables the 
vehicle to place itself obliquely relativ- 
ely to the outer rail, and this increases 
the rolling resistance and the lateral 
wear of the outer rail. A greater gauge 
widening moreover assists the lateral 
transverse movements as well as the ro- 
tary movements about the vertical axis 
of the vehicle, and thereby increases the 
dynamic effects of the transverse forces. 

It is desirable that the maximum 
wheel base of the vehicles should be de- 
cided according to the radius of the 
smallest curve and the gauge widening. 


Ill. — Radius of curves. 


1. The maximum speed allowed on 
curves depends upon the radius thereof, 
and upon the superelevation of the outer 
rail. 

2. On main lines over which express 
trains run the curves should have large 
radii so that the trains can be run as 
far as possible without any reduction in 
the maximum speed allowed. 


3. The use of intermediate straight 
sections of minimum length between the 
curves depends upon the value of the 
superelevation gradient. If this slope is 
a with n = 8 V (V = maximum speed 
r 
in km./h.) it is sufficient to provide : 

a) between the ends of the supereleva- 
tion connections of curves in the same 
direction, an intermediate straight sec- 
tion of a least 30 m. (98 ft. 6 in.) length. 
In the case in which n > 10 V, this in- 
termediate straight section can be re- 
duced to 15 m. (49 ft. 3 in.). 

b) between the ends of the superele- 
valion connections of curves in opposite 
directions, an intermediate straight sec- 
tion of at least 20 m. (65 ft. 7 in.) 
length. In the case when n > 10 V, this 
intermediate straight section can be om- 
itted and an inflected connection be put 
in between one curve and the other. 

When nr < 8 V it is desirable to ex- 
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tend the minimum intermediate straight 
section proportionally. 

When it is not possible to insert an 
intermediate straight section of mini- 
mum length between curves in the same 
direction, it is desirable to replace this 
straight section by a curve. 

On compound curves, when the differ- 
ence of superelevation exceeds 10 mm. 
(3/8 inch), a transition curve should be 
inserted between the different curves of 
different radii. 

In order to counteract the disturbing 
influences due to the oscillations of the 
vehicles about the longitudinal axis on 
short curves, the length of the true cur- 
ve with full superelevation of the outer 
rail between the superelevation connec- 
tions, should be at least equal in length 
to the length of the superelevation con- 
nection. 


5. On double track lines when one line 
has to be slewed to increase the distance 
between the lines, sufficiently large ra- 
dii should be used, so that the outer rail 
need not be superelevated. 


6. When the superelevation connection 
is on a gradient of 1 in n, withn > 8 V, 


it is desirable to place an intermediate. 


straight section at least 20 m. (65 ft. 
7 in.) long between a facing point on 
the straight and the beginning of the 
transition curve of a curve on the run- 
ning line. When the gradient is steeper, 
the length of the intermediate straight 
section should be increased proportion- 
ally. 

When the switch is run over in 
the trailing direction, the intermediate 
vation is at least 10 mm. (3/8 inch). — 

As regards the minimum length of the 
intermediate straight section between 
the curve before or after the turnout 
and the turnout curve, the same princi- 
ple as that under (3), is applied when 
the turnout curve is superelevated. 


7. In order to correct the layout and 
the gradients of the main lines, reference 
marks for verifying the position of the 


track, as well as for correcting the cur- 
ves, by the method of arcs of circles 
should be used. Such measurements 
are advantageous from the financial and 
technical aspects. 


IV. — Superelevation. 


1. The influence of the centrifugal 
force on curves on the vehicles is coun- 
teracted by the superelevation of the 
outer rail. A lower superelevation than 
that obtained from the theoretical for- 


milalh =- 118 Me in which V is the 
maximum allowed speed in km./h., can 
be allowed with safety as regards the 
traffic. 

When most of the trains over a line 
are run at lower speeds a lower speed 
according to local experience may be 
taken, instead of the maximum speed V 
of the fastest trains. 


2. The full superelevation should be 


provided at the beginning of a curve. 


3. When a straight line at least 30 m. 
(98 ft..6 in.) long cannot be laid be- 
tween the theoretical ends of the super- 
elevation connections of two neighbour- 
ing curves in the same direction, the 
superelevation should not be less than 
one half to one third of the correspond- 
ing value for the largest radius. 

If the curves are so close that the 
ends of their superelevation connections. 
touch or overlap, the superelevation in 
the connection between one curve and 
the other should be made by a uniform 
linear slope between the extreme ends. 
of the curves. 


4. In the case of a compound curve, 
it is desirable to make the superelevation 
connection on the lengths of the inter- 
mediate transition curves.— 

When there are no transition curves 
between curves of different radii, for 
example in cases in which the dfference 
of the superelevation of two neighbour- 
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ing curves is very small [10 mm. (3/8 
inch.) at-most], it is to be recommended 


that the  superelevation connection 
should be laid in on the curve of the 
larger radius. 

5. The variations in the standard 


superelevation should not exceed + 10 
mm. (3/8 inch.). 


V. — Transition curves. 


1. All lines run over at high speeds 
should have transition, curves between 
the straight sections and the curves. In 
the same way on compound curves, 
there should be intermediate transition 
curves between the curves of different 
radii, when the difference in superele- 
vation is at least 10 mm. (3/8 inch). 


2. When cubic parabolas are used for 
transition curves, they can only be used 
within certain limits, i. e, so long as the 
radius of the curve is greater than the 
minimum radius of the cubic parabola, 
and the length of the transition curve is 
less than the maximum abscissa of the 
cubie parabola. In these cases the cu- 
bic parabola perfectly satisfies pr¢ actical 
requirements. 


_ 3. The length of the transition curve 
and that of the superelevation connec- 
tion should as a general rule’ equal one 
another. When this is not possible and 
the length of the transition curve has 


to be smaller for various local: reasons, 


the superelevation on the connection 
should be so arranged that at the beginn- 
ing .of the curve the  superelevation 
should as far as possible be the full 
amount. ; 


4. The linear superelevation connec- 
tion is quite satisfactory. ‘The. graded 
connections at the beginning and-at the 
end of the transition curve are not indis- 
pensable, when the slope of the super- 
elevation connection is moderate, i.e. at 
least n= 8 V. 


VI. — Turnouts and crossovers. 


{. When the turnout is run over at 
high speeds onto the branch, it is desir- 
able to use as large as possible a radius 
for the turnout curve and to make pro- 
vision if need be for the superelevation 
of the outer rail over the whole of the 
turnout curve ; provision should also be 
made for a closer sleeper spacing and 
possibly the use of sole plates, a suffi- 
cient number of bearing studs, suitable 
methods for making sure the switch 
tongues are home; such as for example 
the hook lock. and in addition a suit- 
able strength of the tongue and of the 
stock rail to stand the longitudinal for- 
ces due to braking. It is an advantage 
for the point to be housed under the 
gos of the stock rail. 


. The switch curve can be continued 
in “his crossing and even beyond it. 
When the curve extends past the cross- 
ing, the flange way at the crossing is 
enlarged in correspondence with the 
curve. The use. of curved crossings 
has not become general, and for this 
reason the desirability cf this arrange- 
ment should be investigated. 


3. The point of the crossing is effec- 
tively protected by moderately raising 
the wing rail in the case of monoblock 
crossings, or by lowering the point in 
the case of built up crossings. The- 
amount of this difference of level, a re- 
sult of the conical tread of the tyre, 
should be based on the average tyre 
wear. 

Spring wing r ails have not been widely 
used so far. vss 


4, Monoblock ‘crossings in special 
steels are used especially on wood sleep- 
ers. The point of crossings built up 
from rails is made of special steel. These 
two patterns of - Nhe gl Be can be ube for 
ace speeds, 


‘5. When the crossing angle is too 
sinill, the whole of the gap: in the run- 
ning | surface cannot be- protected’ by 
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means of check rails. Crossing angles 
not less than 1 in 10 should be used on 
slip-points on lines run over at high 
speeds. 


VII. — Check rails. 


1. A special rolled section instead of a 


rail section should be used for the 
check rail. 

In the case of crossings and_ slip- 
points, raised check rails should be 


used, as this method makes 
to reduce the length of the 
running surface. 

In the case of single crossings the 
check rail should also be raised. 


it possible 
gap in the 


2. Check rails on the inside rails on 
curves are only used on curves of small 
radius. The width of the flange way 
depends upon the radius of the curve 
and consequently upon the gauge wi- 
dening, It is unusual for the flanges of 
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the two wheels of the same pair to 
bear simultaneously on the check rail 
and on the outside rail: The check 
rail when placed at a suitable distance 
from the inside rail protects the outer 
rail against premature lateral wear, 
without however in any way making it 
possible to increase the allowable speed 
on the curves. When the use of check 
rails on curves cannot be given up, spe- 
cial rolled sections should be used. 


&. The object of fitting check rails at 
level crossings is to make it easier to 
maintain the flange way. In place of 
check rails, longitudinal timbers are 
used with advantage. 


4. The use of guard rails of special 
rolled sections, or timbers on_ struc- 
tures, is limited, as a general rule, to long 
metal bridges, or to special and excep- 
tional cases. The flange way should be 
at least sufficiently wide to take the 
whole of the tyre in case of derailment. 
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GODFERNAUX (R.), Engineer, Member of the Committee for Public Works in the Colonies, 
France. -- Les Grands Réseaux de Chemins de fer francais, année 1931. (The 
French Main Line Companies, year 19.1).— A pocket book (6 3/4 X 4 12 inches) of 
40 pages. — 1932, Paris. Dunod, 92, rue Bonaparte. [Price : 6 fr. (French currency)]. 


In this annual review the author has 
brought together the statistical tables 
relating to the main line French Rail- 
ways (Nord, Est, Orleans, Paris-Lyons- 
Mediterranean, Midi, State, Alsace-Lor- 
raine): length of line, staff; stock and 
shares, capital cost, operating results 
and financial results; profit gained by 
the State from the operation of the rail- 
way systems; analyses of the traffic, rol- 
ling stock, and the mileage run. 

Compared with the previous year, the 
year 1931 shows a net operating profit 
which has fallen from 1800 millions to 
700 millions, in spite of a reduction in 
expenditure of 300 millions. The 
receipts have fallen by 1400 millions. 
Taking into account the various charges, 
the financial situation of this year ends 
with a deficit of 2569 millions, plus 
500 millions representing the costs of 
repaying to the State deficits of the 
years 1921 to 1925. 

The author gives a brief and sound 
commentary on this situation. He re- 


minds us first of all of the main features 
of the Agreement of 1921 which set up 
some financial union between the Tain 
line Companies, and he explains the 
working of the «Common fund ». 
Finally he reviews the causes of the defi- 
cit and the proposed remedies. Among 
these will be noticed the new operating 
programme of the railways which has 
been approved by the Higher Railway 
Council, and from which substantial 
economies are expected together with an 
increase of receipts owing to the new 
facilities offered to the public. 

In this interesting pamphlet will also 
be found the principal happenings of the 
year; a comparison between the rates 
and taxes in 1914 and 1931, the principal 
foreign connections, long distance runs 
without stop, and the high speeds of the 
trains, the principal runs of the interna- 
tional expresses, with their distances, 
noted on diagrams in kilometres and in 
hours. 


E. M. 


